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Abstract 
Measurements of density, ultrasonic velocity and viscosity 
of seven systems of varied nature were made for investigating the 
intermolecular interactions. These include DL-phenylalanine, L-
tryptophan and L-tyrosine each in phosphate buffer pH 6-8 in 
aqueous urea solution as well as D-glucose-, D (-) fructose-, 
sucrose-, and maltose-hemoglobin-water systems. These systems 
were chosen due to their vital role in the life of living organisms 
for such studies. The densities of the said systems have been found 
to increase with increase in concentration and decrease with 
increase in temperature. The ultrasonic velocity increases with 
temperature and concentration. This may be attributed to the fact 
that the increase in temperature causes increase in the 
intermolecular distances resulting in an increase in the thermal 
motion of the molecules, while an increase in concentration causes 
increase in the intermolecular interaction in solutions. 
Using the density and ultrasonic velocity data, various 
derived parameters such as adiabatic compressibility (Ps) 
compressibility lowering ( A p j , relative change in compressibility 
(APs/Po), specific acoustic impedance (Z) and relative association 
(RA) have been calculated for several concentrations at different 
temperatures. The decreases in adiabatic compressibility with 
increase in temperature suggest an increase in intermolecular 
interaction in the systems under investigation. 
Partial molal volume {^^°) of aromatic amino acids in the 
temperature range; 303.15-328.15K has been studied at different 
pH values, viz. 6-8. The changes in the partial molal volume 
depend on the intra- and inter-molecular interactions as well as on 
the extent of solvation of the protein molecules in presence of 
different sugars. 
Abstract ^ ^ 
Apparent molal volume (^y), apparent molal adiabatic 
compressibility ((jjk), and partial molal volume ((|)v°) of aromatic 
amino acids in buffer solutions of different pH values in aqueous 
urea solution as well as those of hemoglobin solutions in presence 
of different sugars were obtained for each of the concentrations 
studied in the temperature range: 303.15-328.15K. Temperature 
dependence of these data suggests the presence of solute-solute, 
and solute-solvent interactions. 
Viscosity ("n) measurement provides valuable information 
about the size and shape of the molecules. The values of viscosity 
(ri) have been calculated for all the systems under investigation 
and that they are found to increase with concentration and 
decrease with increase in temperature. The values of different 
parameters derived from the viscosity data have been found to 
change with change in temperature, concentration and pH values. 
B-coefficient of Jones-Dole equation has also been evaluated by 
using the viscosity data. The sign of dB/dT for the aromatic amino 
acids has been discussed in terms of the relevant solute-solvent 
interactions depending on the nature of their side chains. Changes 
in enthalpy (AH*), entropy (AS*) and free energy of activation 
(AG*) have been evaluated from viscosity data. AG* has been 
found to increase linearly with temperature. 
Thus, the trend in the variation of these parameters with 
concentration and temperature helps in understanding the extent of 
stabilization of hemoglobin solution by sugars (through 
compressibility behaviour) and the molecular interactions in the 
aromatic amino acid systems under investigation. 
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General Iniroduclion 
"GENERAL INTRODUCTION" 
Amino acids and peptides are the fundamental structural units of 
proteins, depsipeptides, certain types of hormones and antibiotics, and many 
other compounds of biological relevance. It is generally recognized that in the 
absence of experimental thermodynamic data for these macromolecules, amino 
acids and peptides can serve as useful models in estimating their properties.''" '^ 
Even in situations where experimental data are available, the properties of these 
smaller units are still found applicable in exploring various aspects of structural 
organization in the larger biomolecules.'^ ' 
Amino acids belong to an important family of bio-molecules, which 
serve primarily as basic building blocks of proteins. The overall behaviour of 
proteins mainly depends on the type and order of arrangement of amino acids. 
In the form of proteins, amino acids perform a multitude of structural, 
hormonal and catalytic functions essential to life. In aqueous solutions amino 
acids exist as dipolar ions manifesting a unique hydration behaviour, which 
appears to be subtly linked to the vital biological phenomenon. Hydrophobic 
and charged atomic groups are components of almost every biologically 
important system. It is generally acknowledged that the hydration of such 
atomic groups plays an important role in the conformational stability of 
biopolymers.'^ '^ ^ Consequently, characterization of the hydration properties of 
both hydrophobic and charged groups should provide insight into the role of 
solute-solvent interaction associated with fundamental biopolymers phenomena 
such as folding-unfolding transitions, ligand interactions, etc. 
A knowledge of the origin of the stability of proteins in aqueous solution 
is essential to the understanding of their structure and function. The stability of 
a globular protein in aqueous solution can be determined by studying the 
disruption of its native structure, i.e., the process of denaturation'^ '. In this 
process the native folded protein structure is converted into a form that is 
predominantly unfolded but can still possess some residual folded structure'*'. 
Consequently, the fully unfolded or random-coil state of protein, which is the 
ideal reference state in discussions of the thermodynamic stability of proteins, 
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is not always experimentally accessible'^l Through model systems consisting 
of peptides or shortened proteins, it is possible to gain a greater understanding 
of the properties of the important completely unfolded state of a protein.'^' 
The aromatic amino acids are phenylalanine, tryptophan and tyrosine. 
DL-Phenylalanine: contains a benzene ring 
NH3 Phenyl group 
ooc- C CH2 
H 
/ \ 
L-Tryptophan: contains a heterocyclic structure, indole group 
NH3^ 
"OOG-
-CH2 
H 
Indole group 
. ^ ^ ^ 
H 
L-Tyrosine: contains a phenol group 
NH3 
OOC-
-CH2 
H 
Phenolic hydroxyl 
The hydrophobicity of amino acid side chains is critical for the folding 
of a protein to its native structure and for stability of the folded protein. Most 
hydrophobic are those amino acids found buried in folded protein structure 
away from the water solvent that interacts with the surface of a soluble protein. 
However, the general correlation is not perfect due to the amphoteric nature of 
many of the hydrophobic amino acids that place the more polar portions of 
their side chain structure near the surface to interact with water on the outside. 
In addition, contrary to expectation, not all hydrophobic side chains are in a 
buried position in a folded three-dimensional structure of a globular protein 
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when on the surface; the hydrophobic groups are generally dispersed among 
the polar side chains. When clustering of non-polar side chains occurs on the 
surface, it is usually associated with a function, such as to provide a site for 
binding of substance molecules through hydrophobic interactions. Most 
charged side chains occur on the surface of soluble globular proteins where 
they are stabilized by favorable energetic interactions with water. ^ '°' 
Hydration is widely acknowledged to be one of the major forces driving 
protein recognition events, in particular, protein folding/unfolding transitions'"" 
I Q 1 
'. Hydration properties of globular proteins in their native and denatured 
states have been under intensive scrutiny using various experimental and 
computational techniques''''"'^l In this connection, the volumetric 
characteristics of substances (e.g.. The partial molal volume and adiabatic 
compressibility) have proven to be reflective of and sensitive to solute-solvent 
interactions''*'^ "'. Hence, volumetric properties represent useful observable for 
studying the hydration properties of proteins. In recognition of this fact, several 
laboratories have investigated the volumetric properties of proteins in aqueous 
solutions and have proposed different approaches for interpreting this 
macroscopic data in terms of proteins hydration.'^ ''^ '^  Such interpretations are 
not straightforward and always model-dependent. However, despite the 
difficulties in interpreting the volumetric data for systems as complex as 
proteins, experiments of this type have begun to provide important data against 
which different models of protein hydration can be evaluated.'^ "'^ ''. Recently, 
there has been an increased interest in the state of water in the living cells. 
Since most biological macromolecules are physiologically active in aqueous 
solutions, knowledge of water-protein, interaction is necessar>' to understand 
the role of water solvated to soluble organics in the living cells. A better 
understanding to this type of interaction may be obtained from dipolar ions 
(amino acid molecules). Thus, an understanding of water structure in depth is 
also essential to study the role of water in living cells. 
Protein denaturation has been defined in several ways, e.g. as a change 
in solubility Mirsk)P^\ or by simultaneous changes in chemical, physical and 
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biological properties Neurath et alP^\ LangmuiP'^\ under some standard 
reference set of conditions Timasheff and Gibbs^^^\ These changes in physical, 
and to a lesser extent chemical properties are manifestations of configurational 
changes taking place in the polypeptide chains. The denaturation process 
presumably involves an unfolding or at least an alteration in the nature of the 
folded structure Foster and Sams(P^^. The term denaturation denotes the 
response of the native protein to heat, acid, alkali, and variety of other chemical 
and physical agents, which cause marked changes in the protein structure. Rice 
et alP^\ suggested denaturation to mean a class of reactions, which lead to 
changes in the structure of the macromolecule with no change in molecular 
weight. 
Denaturation of globular proteins in aqueous solutions is a fundamental 
biological process, which till date is not completely understood and continues 
to be a subject of extensive investigations.'^ '^ ^ '^ During the denaturation 
process, various structural changes occur in protein solutions. The knowledge 
of solute-solvent and solute-solute interactions in various solvents is thus, 
prerequisite to understanding the process of denaturation. As the proteins are 
large complex molecules, direct study of their interactions is a difficult task. 
One useful approach to understand these interactions is to study their model 
compounds. Consequently, in recent years, there has been considerable interest 
in the determination of various thermodynamic properties of amino acids, small 
peptides and their derivatives in pure aqueous and mixed aqueous solutions''"' 
''^ l Mixed aqueous solvents are used extensively in chemistry and other fields 
to control factors like stability, reactivity and solubility of systems.'''^ •^ '^ 
Several factors contribute to tertiary structure of a protein and changes 
in any of them could affect its structural integrity and biological activity. When 
protein is heated to an extreme temperature, the balance of non-covalent 
interactions maintaining the native structure is disrupted and the protein 
unfolds partially. This process disturbs the active site of the enzyme'''^ l Similar 
behaviour is observed with the denaturating agents like urea and sodium 
dodecyl sulphate (SDS). The characterization of stable intermediate states 
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would be of great help for the proper understanding of the over all process of 
proteins folding^ °^l X-ray crystallography data have revealed that some 
packing defects or cavities in a protein molecule'^ '^  cause fluctuations, which 
are related to the structural characterization and functional properties of 
proteins. However, a complete understanding to ascertain the role of 
fluctuations in protein function requires further investigation on the magnitude 
of the flexibility of proteins molecules in various solvents and at different pH 
values. Since the fluctuation in volume is directly related to the 
compressibility'^ ^ ,^ the flexibility of proteins should be reflected in the 
compressibility and the latter is primarily related to its thermal stability. 
Most proteins unfold at elevated temperature, and some unfold at very 
low temperatures. Many proteins unfold at temperatures only a few degrees 
higher than those at which they function. Others are stable to much higher 
temperatures such as the gluten proteins. The driving force for denaturation is 
the increase in entropy that accompanies the transition of a single conformation 
into an ensemble of random ones. With increasing temperature the contribution 
of this entropy increases and becomes more significant, and at some 
temperature it overcomes the energy effect (the protein is heat denatured). The 
unfolding of protein exposes the buried non-polar amino acid residues. Their 
intermolecular clustering leads to aggregation of the denatured protein. 
Consequently, heat denaturation is essentially irreversible. Fundamental to the 
stabilization of protein association is the hydrophobic interaction Cholhia and 
Janin^^^\ The term hydrophobic interaction is used to describe the gain in free 
energy, which occurs when non-polar residues of proteins associate in an 
aqueous environment Arattz/wa««''°l The process of folding and protein-protein 
aggregation reduces the surface area in contact with water. When the protein-
solvent interaction is attractive, the protein can reduce its total energy by 
surrounding itself with solvent molecules, conversely, when the interaction is 
repulsive, the solvent is excluded TanakcP'^^. 
Most of the proteins in food systems are denatured to varying degrees 
depending upon the type of processing used. The functionality required dictates 
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the type and concentration of ingredients and their environment. Protein-
protein or protein-polysaccharide interactions under these circumstances are 
not specific, like in biological systems, but rather, depend mainly on physico-
chemical forces. Proteins spontaneously aggregate when hydrated; therefore, 
molecular interactions are best studied in dilute systems. Physical functions 
associated with proteins in a food system typically includes hydration and 
water binding, which affect viscosity and gelation, and modifies surface and 
interfacial activity etc. 
Urea and its derivatives have been extensively used as denaturing agents 
for polypeptides, proteins and other biopolymers. These substances are not 
specific agents and, in fact, very high concentrations are necessary to obtain an 
appreciable conformational perturbation. They act with different mechanisms 
on the various constituents of the biopolymer structure. The delicate balance of 
intra-and intermolecular interactions responsible for the only biologically 
active conformation in water is modified at increasing urea concentrations. 
The theoretical treatment of the water-urea mixtures has been carried out 
by Frank and Franks'"^ According to them urea acts mainly to disrupt 
hydrogen bonding among water molecules by dissolving exclusively within the 
dense (less structured) component of liquid water and with inducing alternate 
types of long-range structure. The structure breaking influence of urea was on 
water supported by NMR results of Firmer et al.^ ^^ ' The structure 
breaking/making effects of urea on water may also be interpreted in terms of 
the pair wise interaction coefficients of the virial expansions of the excess 
Gibbs free energy, enthalpy and entropy. On the basis of the sign and 
magnitude of pair-wise cnthalpic, Hxx, entropic, S^ x and Gibbs free energy, Gxx, 
coefficients, urea is considered to be a hydrophilic structure breaker solute'^ '^. 
Its presence as a co-solvent lowers the degree of structure of the medium with 
respect to the reference state, namely pure water, because its polar geometry is 
not compatible with the tetrahedral arrangement of water molecules. Thus, the 
presence of urea enhances the entropy and enthalpy of the bulk water. When 
solvated solute molecules interact in the presence of urea, the change in 
lieneral liuroducUon 
enthalpy and entropy could be more marked compared with that occurring in 
pure water. The presence of urea also modifies the solvation co-sphere of the 
solute; therefore, it is generally accepted that urea does not appreciably interact 
with either hydrophobic or hydrophilic molecules or groups, and acts mainly to 
disrupt hydrogen bonding among water molecules in aqueous medium. 
Mathieson and Conway'^*' reported that thermodynamic and transport 
properties of aqueous urea solutions with added electrolytes or non-electrolytes 
have been interpreted in terms of non-specific interaction of urea with solute. 
The values of the thermodynamic functions were found to be consistent with 
the hypothesis that urea solution is similar to water but less structured. 
Purified hemoglobin has also been investigated as a potential red blood 
cell substitute. Hemoglobin is the principal protein found in circulating red 
chains, a and p. The native molecule may be represented as a a2P2 with an 
overall molecular mass of approximately 64 KDa. Each of the four-polypeptide 
subunits also contains a haem prosthetic group, which confers upon the 
molecules their oxygen binding properties. Binding of one oxygen molecule to 
one haem group greatly increases the affinity for oxygen of the remaining 
groups.^ ^ '^ 
Such oxygen binding kinetics renders hemoglobin ideally suited to its 
oxygen-transporting role. Hemoglobin molecules, however, are not themselves 
suitable as blood substitutes due to (a) instability of the protein outside the 
environment of the red blood cell and (b) its high affinity for oxygen. 
Additionally, hemoglobin molecules, when free in solution, quickly dissociate 
into ap dimers. Such dimers are rapidly removed from the circulatory system. 
Many of the problems relating to the stability of free hemoglobin and its high 
affinity for oxygen may be overcome, at least in part, by chemical 
modification. The introduction of specific cross-links between subunits will 
both stabilize individual molecules of hemoglobin, and will also reduce its 
affinity for oxygen'^''. All such modified hemoglobin molecules may be 
described as hemoglobin-based oxygen carriers (HBOC). 
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The vast majority of such HBOC preparations are derived from 
hemoglobin purified from human blood donations, which have surpassed their 
designated useftil shelf life. Some studies have also been undertaken which use 
preparations of bovine hemoglobin. Bovine hemoglobin exhibits a lower 
affinity for oxygen than does its human coimterpart. Administration of such a 
"non-self protein, however, may result in immunological or allergic 
complications. Porcine hemoglobin may be of interest in this regard as it more 
closely resembles the human molecule. 
Like many other clinically interesting proteins, hemoglobin has been 
produced by recombinant methods. The hemoglobin a and P genes may be 
expressed in separate systems and intact hemoglobin may be reconstituted from 
the purified recombinant products. Alternatively, both genes may be expressed 
within a single host. This usually results in the automatic production of mature 
tetrameric hemoglobin molecules. Hemoglobin has been successfully produced 
in both recombinant E. Coli and Yeast systems and has been produced in the 
blood of transgenic animals.^ '^^  
Although production of recombinant human hemoglobin is technically 
feasible, outdated stocks of donated human blood still remain the major source 
from which it is extracted. This remains the most inexpensive method of 
production. Protein contaminants present in recombinant hemoglobin 
preparation would be non-human in nature, and thus immungenic'^ '^. This 
difficultly should not arise when hemoglobin is obtained from human red blood 
cells. Recombinant DNA technologies may however allow researchers to 
rationally develop and express engineered hemoglobin with desirable 
characteristics such as improved stability or decreased oxygen affinity. 
Research in this area is ongoing. 
Saccharides are important chemicals in life processes, as these constitute 
a part of glycoproteins, glycolipids, and other biomolecules. Because of their 
conformational flexibility, saccharide play significant role in (bio) molecular 
recognition. However, understanding of the relationship between saccharide 
structure and their biological fimction is still far behind that of proteins and 
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nucleic acids^ "^"^ '^. Many studies'^'^^' concerning the properties of aqueous 
solutions of saccharide have been published, because they are not only 
biochemically important compounds but also the typical non-electrolytes with 
hydrophilic hydroxyl groups, which are capable of hydrogen bonding. Stokes 
and Robinson'^^' interpreted the concentration dependences of activity 
coefficient of D(-)glucose and sucrose in terms of the semi-ideal solution 
theory. This idea that the solute-solvent interactions govern the concentration 
dependences of thermodynamic quantities seems to be fundamentally correct, 
since Raman^^ ' and NMR relaxation^**^ studies of aqueous solutions of mono-
and disaccarides suggested an absence of solute-solute interactions even at 
relatively high concentrations. 
Kabayama and Patterson'^'' postulated that not only the number of 
hydroxyl groups but also the stereochemical orientation of hydroxyl groups, i.e. 
axial and equatorial, plays an important role on the hydration of saccharides. In 
other words, the spacing of oxygen atoms of equatorial OH groups of 
monosaccharides in chair conformation nearly fit the spacing of oxygen atoms 
of ice-like structure of water. This hydration model for saccharides is called 
"specific hydration model." The people who favour this model, Franks school 
of England, records monosaccharide, which takes mainly the chair 
conformation, as a structure maker. Harvey et al.^ ^°' are suspicious of the 
validity of this model because of the similarity of NMR spectra of 
monosaccharides between aqueous and alcoholic solutions. Rowlinson et al.'^'' 
and Kawaizumi et al.''^' classified mono- and disaccharides as structure makers 
in terms of excess partial molal entropy and heat capacity. While Goring et 
al.'^ '^ classified the hydrophilic solutes including D(-) glucose and sucrose as 
structure breakers, on the basis of positive temperature dependences of 
apparent molal volumes. 
Proteins are stabilized by a combination of hydrogen-bonding 
interactions, electrostatic interactions and hydrophobic interactions. In some 
proteins there is an additional contribution from cross-linking, metal 
complexing and specific binding of ions and cofactors. In discussing the effect 
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of sugars on the stability of hemoglobin, we have to consider the effects of 
sugars on these various forces and interactions. 
In aqueous solutions of proteins there is a cooperative hydrogen-bonded 
structure^'^' in which water competes as both donor and acceptor with the 
backbone and side chain groups of the protein. When sugar is added to the 
protein solutions, the OH groups of sugar may also compete for hydrogen-
bonding* \ Now we have to consider the respective interactions between 
proteins, water and additive (sugars) molecules. The additives interacting more 
strongly with protein than with water will tend to stabilise the denatured states 
by the formation of protein-additive complexes. They will, therefore, have a 
denaturing effect. However, additives interacting more strongly with water 
molecules than with protein will favour the stabilisation of protein 
molecules^'^l In the present case, the sugars interact more strongly with water 
molecules than with protein by forming hydrogen bonds with water molecules. 
This will favour an increase in the degree of organisation of water molecules 
by the formation of clusters (as in ice) and will thus limit the unfolding of 
protein^^^l This was supported by the view that addition of sugars results in a 
higher resistance of proteins to denaturation by an increased contribution of 
water extrusion entropy change'^^'. 
The structure of a protein is mostly stabilized by hydrogen bonding. 
Denaturation is a reversible process for many proteins. In many denaturation 
processes, hydrogen bonded structures are disrupted within the interior of an 
ordered protein of the native structure. By denaturation, one means that class of 
reactions, which lead to changes in the structure of the macromolecule with no 
change in molecular weight'^''. 
The actual extent of unfolding depends on temperature, pH and ionic 
strength. It is reported that pH changes bring about a lot of variations in the 
thermodynamic and transport properties of proteins as well as of amino 
acids^'^'. The pH determines many important features of the structure and 
activity of biological macromolecules, such as the catalytic activity of 
enzymes. Moreover, measurement of the pH of the blood and urine are 
10 
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commonly used in the diagnosis of diseases. For example, the pH of the blood 
plasma of severely diabetic persons is often lower than the normal value of 7.4, 
this conditions is called acidosis. In contrast, in certain other disease states the 
pH of the blood is higher than normal, the condition of alkalosis. 
Ultrasonic velocity and viscosity data are of increasing interest as they 
are the basis of structural studies of liquid mixtures. The velocities of 
ultrasound, adiabatic compressibilities and viscosities are useftil tools in 
studying the nature and degree of association or dissociation, complex 
formation, and dispersion forces in liquids, and their mixtures. Ultrasonic 
velocity and its derived parameters have been extensively used to study the 
molecular interactions in solutions. 
Ultrasonic velocity measurements provide valuable information for 
understanding the intermolecular/interionic interactions. Ultrasonic velocity 
values along with density data can be employed for the computation of various 
thermodynamic parameters, namely adiabatic compressibility, compressibility 
lowering and relative change in compressibility, specific acoustic impedance 
and relative association etc., which are helpful in knowing the nature of various 
interactions occurring in a solution. 
The compressibility of solutions is an essential physical characteristic 
reflecting intermolecular interactions and dynamic processes occurring in 
solutions. The compressibility of native protein in solution has been an 
indispensable quantity to analyze. Jacobson and Miyahara^ ''*'^ '^  measured 
protein compressibility in solution by using sound velocity measurements with 
an ultrasonic interferometer. The compressibility obtained by this technique is 
adiabatic compressibility (Ps). The compressibility of the solution may be 
determined by the effects fi-om solvent, solute and solvation. The effects of the 
solute are separated into tow parts: the compressibility of the solute molecules 
and solute-solute interactions. If the concentration of the solution becomes 
sufficiently low, the second effect becomes negligible. 
The solute-solvent interactions were studied in the light of 
thermodynamics properties viz. the compressibility lowering, Ap. Thus the 
11 
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study of A3 will ultimately lead to a better understanding of the influence of 
molecular configuration and interactions. Compressibility lowering was 
evaluated as the difference in tiie compressibilities of solvent and solutions'*"'. 
Studies of partial molal adiabatic compressibility of aqueous solutions 
of proteins started a long time ago'" I There are three terms contributing to the 
overall partial molal compressibility of proteins in solutions: (i) Adiabatic, 
from the residue-residue interaction in the globule interior, (ii) relaxational, 
from the structural transformations accompanied from volume changes, and 
(iii) hydrational, from surface atomic group-water interaction. To derive the 
contributions from all kinds of interactions occurring in the solutions, a 
systematic investigation of the partial compressibilities of molecules of 
different structures and complexity, from small to large ones, in dilute aqueous 
solutions is necessary. In particular, the hydrational part and its temperature 
dependence is the most important one and should be quantitatively 
investigated. Amino acids are most convenient, low molecular weight 
substances for the analysis of atomic contributions to the hydrational term of 
the partial molal compressibility of proteins because they represent one of the 
simplest models, which contain all the atomic groups characteristic of proteins. 
Many researchers have studied the partial molal compressibility of amino 
acids'*^ "*^ ' and revealed the sensitive nature of this property in terms of solute-
solvent interactions. Despite the tremendous significance of partial molal 
compressibility, its temperature dependence is poorly studied. 
The effects of hydrogen-bonding'* '^**' electrostriction'*''^'', ionization'^'' 
'^', hydrophobic interaction''*', and zwitterions formation''^' etc. on the partial 
molal volumes of the solutes can be estimated. Apparent molal volumes of 
several a-amino acids were determined by Millero et al'* '^, who calculated the 
number of water molecules bonded to the charged centres of the a-amino acids. 
Recentiy, many authors have investigated the aqueous solution volumetric 
properties of some protein constituents viz. the amino acids and peptides'* '^**'^ ' 
'°' ' for different reasons. They also estimated various group contributions 
towards limiting partial molal volumes. 
12 
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The properties of interest are the apparent molal volume, ^„, apparent 
molal adiabatic compressibility (t)ks, partial molal volume <|)v° and partial molal 
adiabatic compressibility, ^i^\). These properties depend upon the size and 
configuration of the solute molecules. Apparent molal volume, (|)v, and apparent 
molal adiabatic compressibility, (|>k have been calculated from density, d, and 
ultrasonic velocity, U, measurements. These quantities are very sensitive to 
interactions between solute and solvent and to changes induced in the solvent 
by the solute as the concentration of the latter tend to zero. Trends in these 
properties with changes in temperature and composition can also offer some 
qualitative assessment of solution behaviour in the intermediate composition 
range. The concentration dependence of (|)k provides information concerning 
interactions taking place in solutions. The apparent molal compressibility factor 
at infinite dilution, (t)\, is a measure of the resistance offered against 
compression, which the solute molecules impart towards the solvent^ '"^^ and 
thus gives an idea about solute-solvent interactions. Thus, apparent molal 
adiabatic compressibility is a sensitive function of the solute-solute and solute-
solvent interactions and as such is a useful parameter in elucidating the 
structural interactions in systems. 
Viscometric studies are useful for studying the transport properties of 
liquids. The viscosity and its derived parameters such as specific viscosity, 
relative viscosity and reduced viscosity can provide a better understanding of 
the shape and size of the macromolecules, and the intermolecular/interionic 
interactions in solutions. The solute-solvent interaction and the extent of solute 
hydration can also be studied in terms of B-coefficient in Jones-Dole 
equations^'°^'. The B-coefficient is a measure of effective solvodynamic 
volume of solvated ions/molecules and is governed by the size and shape 
effects of solute and the structural effects induced by the solute-solvent 
interactions^'"^'. In the case of electrolytes, the B-coefficient is a measure of the 
order or disorder introduced by ions into their co-spheres''°^'. A positive B-
coefficient indicates that the ions tend to order the solvent structure and 
13 
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increase the viscosity of the solution, while a negative B-coefficient indicates 
disordering and a decrease of viscosity. The partitioning of the B-coefficients 
into their ionic components was first proposed by Cox and Wolfenden''° and 
it was re-examined by Gumey^ '"^ ^ and Kaminsky '^" '^. In 1965, Tsangaris and 
Martin studied the structure making/breaking effects of amino acids on water in 
terms of viscosity B-coefficient and its temperature derivative, dB/dT, 
values '^"'^ . They also reported that the magnitude of dB/dT values is more 
important than the B-coefficient for explaining the structure making/breaking 
effects of amino acids on water. 
A thorough literature survey revealed that a number of thermodynamic 
studies have been made on amino acids in aqueous'""'""^ and mixed 
aqueous'"^^ media at 298.15K Hakin et. al.^ ''^ ^ and Ogawa et al.'"^^ studied the 
behaviour of few amino acids in aqueous urea solution at 298.15K. However, 
no attempt has been made to study the aromatic amino acids in phosphate 
buffer (pH 6 to 8) of denaturant, aqueous urea solution as a function of 
temperature. In the present work, an attempt has been made to probe the 
behaviour of aromatic amino acids in the presence of denaturant, viz., 0.1m 
aqueous urea solutions as a function of temperature and concentration. The 
denaturant solution disrupts the hydrogen bonding in bulk water and this has 
encouraged us to carry out a comparative study of said amino acids in one 
denaturant aqueous solution. The aromatic amino acids (of varying nature and 
size of side groups R) have been selected for this purpose. Consequently, with 
a view to understanding the intermolecular/ interionic interactions of aromatic 
amino acids, namely DL-phenylalanine, L-tryptophan and L-tyrosine in 
phosphate buffer of different pH (6-8) dissolved in aqueous urea solutions, the 
densities, ultrasonic velocities and viscosities have been measured as functions 
of temperature and concentration. In order to understand the effect of sugars on 
protein-water system, an aqueous solution of hemoglobin (0.0005m) was 
prepared and varying amounts of four sugars, D(-) glucose, D(-) fructose, 
sucrose and maltose, were added to this solution and various physical 
14 
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parameters were calculated using densities, viscosities and ultrasonic velocities, 
which were measured as functions of concentration and temperature. 
15 
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EXPERIMENTAL 
> Material and Sample Preparation 
The three aromatic amino acids, DL- phenylalanine, L-tryptophan and 
L-tyrosine extra pure for biochemistry (chromatographically homogeneous) 
were obtained from SISCO Research laboratories Pvt. Ltd. Mumbai, India and 
were used without further purification. However, before use, they were dried 
over P2O5 in a vacuum desiccator. (The other acids were laboratory reagent 
grade). Urea crystal extra pure was obtained from E. Merck India Ltd. Mumbai. 
Hemoglobin obtained from SIGMA-ALDRICH CHEMIE Gmbh Steinheim, 
Germany, was used for sample preparation. Sugars viz. D-glucose, D(-) 
fiiictose, sucrose and maltose used were obtained from Qualigens fine 
chemicals (A Division of Glaxo Smith Kline Pharmaceuticals Limited, 
Mumbai). The solutions were prepared by weight with laboratory double 
distilled water and all weights were corrected to value in vacuo. (Leader 
Balance Works, Varanasi, U.P) 
For phosphate buffer, 0.1 molal aqueous solution of mono basic sodium 
phosphate and di-basic sodium phosphate (purchased from Qualingens India 
Ltd.) were mixed in different proportions to prepare buffer solutions of pH 6, 7 
and 8. pH measurement of solutions was made on digital pH meter [Elico Pvt. 
Ltd. Hyderabad model T-10]. 
The densities, viscosities and ultrasonic velocities were determined for 
the following solutions. 
1. DL-phenylalanine in phosphate buffer pH (6-8) in aqueous urea 
solution. 
2. L-tryptophan in phosphate buffer pH (6-8) in aqueous urea solution. 
3. L-tyrosine in phosphate buffer pH (6-8) in aqueous urea solution. 
4. D (-) glucose in aqueous hemoglobin solution. 
5. D (-) fructose in aqueous hemoglobin solution 
6. Sucrose in aqueous hemoglobin solution, 
7. Maltose in aqueous hemoglobin solution. 
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Temperature Control: 
For the measurements of density and viscosity, a thermo stated paraffin 
bath was used to maintain a uniform temperature. The paraffin bath was of 
about 5-litres' capacity in which an immersion heater (l.OKW), an electric 
stirrer (Remi made), a check thermometer and a contact thermometer were 
immersed. A relay [Jumo type NT 15.00, 220V«6A (GDR)] was used to 
control the variation in temperature. The thermal stability was found to be 
within ±0.1°C. 
Density Measurement: 
A pyknometer consisting of a small bulb with flat bottom (~ 8ml 
capacity) and graduated stem was used for the density measurement. Each 
mark on the stem of the pyknometer was calibrated using double distilled 
water. The clean and dried pyknometer was weighed and filled with double 
distilled water. Filled pyknometer was weighed again. The mass of the distilled 
water was determined by the difference in these two masses. Then the 
pyknometer was immersed in the paraffin bath maintained at the required 
temperature, and volume changes were recorded as a function of temperature, 
and thus each mark of the stem was calibrated. The densities of pure water at 
various required temperatures have been taken from literature for calibration 
purpose'. 
From the known values of mass and density of water, the volume 
corresponding to each mark was calibrated. To check the reproducibility of 
calibration, the same process was repeated with different weights of solutions 
using the known volume of calibrated pyknometer at each mark and mass of 
water, the densities at the required temperature were calculated. It was found 
that the accuracy of density measurement was within ± 0.1% accuracy. 
The test solution was introduced into the calibrated pyknometer, 
weighed and then it was immersed into the thermostated bath. The temperature 
at each mark on the stem of pyknometer was recorded by increasing the 
' R.C. West, CRC handbook of Chemistry and Physics 67* Edition, CRC Press, Boca Raton, Florida 
(1986). 
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temperature of the bath. The densities were determined at the required 
temperatures, by recording the volume changes as a function of temperature. 
Viscosity Measurement 
Camion-Ubbelhode-viscometer was used for the viscosity measurement 
of aqueous solutions of hemoglobin with different sugars and those of aromatic 
amino acids. 
The viscometer consists of three parallel arms viz., receiving, measuring 
and auxiliary, for forming the suspended level arrangement in a triangular 
fashion, the receiving arm forms a 'U' with the measuring arm through a bulb 
'D', the measuring arms has two bulbs A and B. The two fudicial marks 'a' and 
'b' were used on the two sides of the bulb 'B' for recording the time of fall of 
the test solution. The auxiliary arm was sealed to the receiving arm through a 
bulb 'C . In between the bulb 'B' and ' C there lies a capillary of appropriate 
dimensions. It has been designed in such a way that the center of gravity of the 
three bulbs 'A', 'B' and ' C was aligned vertically to reduce the acceleration 
due to gravity, so that the experimental error could be minimized. Special 
feature of the suspended level viscometer was that the capillary effects of the 
two liquid surfaces were neutralized by each other. 
The calibration of viscometer was done by using double distilled water. 
Adequate amount of distilled water was filled into the bulb 'A' to avoid any air 
bubble being introduced into the capillary arm while fudicial bulb was filled. 
Now the viscometer was clamped in a thermostated bath keeping the measuring 
arm perfectly vertical. The viscometer was allowed to stand in the thermostat 
for half an hour to minimize thermal fluctuation. Then the distilled water was 
sucked into the measuring bulb with the help of vacuum pump. The time of fall 
of the distilled water fi"om the upper mark 'a' to the lower mark 'b' was 
recorded several time and the mean of very closed reading was determined at 
each required temperature. A stopwatch with (accuracy 0.1 sec.) was used for 
measuring time. 
Viscosities (TI) were calculated using Poiseuille's equation: 
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V = 
Tihpgr'^l 
SLV 
where h is the height of liquid column in the viscometer, p the density of 
liquid, g the acceleration due to gravity, r the radius of the capillary of the 
viscometer, L the length of the capillary, t time of fall of the test liquid of 
volume, V. The expression can also be expressed as 
Ti = ppt in which 
SLV 
P is a constant quantity and it is the characteristic of the viscometer. Its value 
has been calculated by making use of the reported values of viscosities of 
distilled water at several temperatures. 
The accuracy of the calibrated viscometer was checked by measuring 
the viscosities of distilled water at test temperatures and then comparing the 
experimental values with the reported ones. Reproducibility was found to be 
within ± 0.2%. 
Measurement 
(i). Density: A known amount of test sample was transferred to the calibrated 
pyknometer. The pyknometer was then immersed in the 
thermostated bath. The volume corresponding to each of the 
marks was recorded as a function of temperature. 
(ii). Viscosity: The test solution was transferred to the viscometer. The 
viscometer was then placed in the thermostat and time of fall 
of the test solution was recorded. 
Ultrasonic Velocity Measurement 
Working Principle: 
An ultrasonic interferometer is a simple and direct 
device to determine the ultrasonic velocity in liquids with 
a high degree of accuracy. 
The principle used in measurement of velocity (v) 
is based on the accurate determination of the wavelength 
REnECTOR 
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_ 10 CONST nup 
WKrcnimii 
ii/uitsuu 
Ti«i«*suRWGcaj. 
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(X) in the medium. Ultrasonic waves of known frequency (f) are produced by a 
quartz plate fixed at the bottom of the cell. The waves are reflected by a 
movable metallic plate kept parallel to the quartz plate. If the separation 
between these two plates is exactly a whole multiple of the ultrasound 
wavelength, standing waves are formed in the medium. The acoustic resonance 
gives rise to an electrical reaction on the generator, driving the quartz plate and 
the anode current of the generator becomes maximum. 
If tiie distance is now increased or decreased and the variation is exactly 
one half wavelength (7J2) or a multiple of it, anode current again becomes 
maximum. From the knowledge of wavelength (X), the velocity (v) can be 
obtained by the relation: 
Velocity = wavelength x frequency 
v = X xf 
Description: 
The ultrasonic interferometer consists of the following two parts: 
i. The high frequency generator 
ii. The measuring cell 
The high frequency generator is designed to excite the quartz plate fixed 
at the bottom of the measuring cell at its resonant frequency to generate 
ultrasonic waves in the experimental liquid in the "Measuring Cell". A 
microammeter to observe the changes in current and two controls for the 
purpose of sensitivity regulation and initial adjustment of micro ammeter are 
provided on the high frequency generator. 
The Measuring Cell is a specially designed double walled cell for 
maintaining the temperature of the liquid constant during the experiment. A 
fine micrometer screw has been provided at the top, which can lower or raise 
the reflector plate in the cell through a known distance. It has a quartz plate 
fixed at its bottom. 
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Adjustment of Ultrasonic Interferometer: 
The instrument was adjusted in the following marjier: 
1. The Cell was inserted in the square-base socket and was clamped to 
it by a screw provided on one of its sides. 
2. The curled cap of the cell was unscrewed and removed, then the test 
solution was filled in it and the cap was screwed. 
3. Water was circulated through the two tubes in the double walled cell 
in order to maintain the desired temperature during the experiment. 
4. The Cell was connected with a high frequency generator by a coaxial 
cable provided with the instrument. 
5. The generator was given 15 seconds warming up time before 
recording readings. 
6. The sudden rise or fall in temperature of the circulated liquid was 
avoided to prevent the thermal shock to the quartz crystal. 
For the initial adjustment, two knobs are provided on the high frequency 
generator, one is marked with "Adj" and the other with "Gain", the knob 
marked with "Adj" was used to adjust the position of the needle on the 
ammeter and the knob marked with "Gain" was used to increase the sensitivity 
of the instrument for greater deflection. The micro ammeter was used to record 
the maximum deflections by adjusting the micrometer screw. 
Measurement 
The Measuring cell is connected to the output terminal of the high 
frequency generator through a shielded cable; the cell is fliled with the 
experimental liquid before switching on the generator. The ultrasonic wave 
move normal from the crystal till they are reflected back from the movable 
plate and the standing waves are formed in the liquid in between the reflector 
plate and the quartz crystal. 
The micrometer is slowly moved till the anode current on high 
frequency generator shows a maximum. A number of maximum readings of 
anode current are passed on and their 'n' is counted. The total distance (d) thus 
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moved by the micrometer gives the value of wavelength (X) with the help of 
the following relation 
d = nxAy2 
once the wavelength (X) is known, the velocity (v) in the liquid can be 
calculated with the help of following relations: 
\ = Xxf 
Study With Variation in Temperature: 
If the variation in the velocity with temperature is to be studied, water at 
various desired constant temperatures is made to circulate through the double 
walled jacket of the cell. The ripples are provided at the lower cylindrical 
portion of the cell for circulating water around the experiment liquid. 
Ultrasonic velocity in solutions was measured by determining the 
wavelength of sound in these media using a multi-frequency ultrasonic 
interferometer model M-82 (Mittal Enterprises, India) working at 2MHz. The 
temperature of the solution was controlled by circulating water bath through 
the jacket of a double walled cell from a constant temperature controlled to + 
0.03K. 
Precautions: 
(1) The generator was switched on after filling the cell by the 
experimental liquid. 
(2) The experimental liquid was removed from the cell after use. 
(3) The micrometer was kept open at 25 mm after use. 
(4) The sudden rise or fall in the temperature of circulated liquid was 
avoided to prevent thermal shock to the quartz crystal. 
(5) While cleaning the cell, care was taken not to spoil or scratch the 
gold plating on the quartz crystal. 
(6) The generator was given 15 seconds wanning up time before 
observation. 
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CHAPTER! 
VOLUMETRIC AND ADIABATIC 
COMPRESSIBILITY BEHAVIOUR 
OF AROMATIC AMINO ACIDS IN 
PHOSPHATE BUFFER pH (6-8) 
IN AQUEOUS UREA 
SOLUTIONS 
INTRODUCTION: 
Most biological macromolecules are physiologically active in aqueous 
solutions. A knowledge of protein-water interaction is necessary to understand 
the role of water solvated to soluble organics in the living cells. A better 
understanding of this type of interaction may be obtained from dipolar ions. 
Since amino acids are zwitterions in aqueous solutions/'"^^ their volume and 
compressibility properties should reflect the structural interactions with water 
molecules as in the case of electrolytes. 
There have been various investigations on the partial molal volumes of 
amino acids in aqueous solutions since the volumetric studies by Traube.' In 
fact, Cabani et al.}^^ Millero et af^\ and many other workers have investigated 
the molal volumes of amino acids. However, few workers have studied the 
compressibility of amino acids in aqueous solutions, '^' and hence the amount 
of available compressibility data for amino acids is much less compared with 
volume data, although the compressibility seems to sense the solute hydration 
structure at a greater distance from the solute than does the volume.'^ ' Also 
compressibility is a powerfiil thermodynamic parameter for elucidating the 
behaviour of a solute in a solvent. ^*^  The extent of solute hydration is modified 
by changes of temperature, pressure and the presence of co-solute. Most of the 
previous studies on amino acids have been restricted to their solutions in water 
at a given temperature, but interesting results have been obtained when the 
studies have been extended to changes in temperature, pressure and use of a 
mixed aqueous solvent. It is usefiil to extend the study of aromatic amino acids 
to a mixed solvent system not only because mixed aqueous solvents are used 
extensively in chemistry and the other frelds to control factors such as 
solubility, reactivity and stability of systems but also because biological fluids 
are ultimately not pure water. In view of the above and in continuation of 
earlier studies,^ '""'^ ^ we have undertaken a systematic study of the volumetric 
and adiabatic compressibility properties of aromatic amino acids in phosphate 
buffer with aqueous urea solution. 
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Since urea is highly soluble in water, the phosphate buffer with aqueous 
urea solutions has been used as solvent for extensive experimental 
investigations.^ '^ "'^ ^ Urea is an important bimolecule, which is a non-electrolyte 
and hydrophilic structure-breaker. It is generally accepted that the addition of 
urea to water increases the hydrogen bonding in solution. Urea does not 
interact with either hydrophilic or hydrophobic groups or molecules, but takes 
an active part in the hydrogen bonding among water molecules in aqueous 
medium,''*^ so the urea solution is similar to water but with less structure. But a 
molecular dynamic calculation'^ '^  has shown that a urea molecule can enter into 
the water structure without breaking it noticeably, consequently, urea cannot be 
easily classified into net structure-maker or a structure-breaker. Urea is also 
known to cause denaturation in proteins. It changes the native conformation of 
proteins to the denaturated random coil one. On the other hand, the 
thermodynamic properties of mixing suggest that the interactions between the 
urea and water molecules in urea-water solution are similar to those of water-
water interaction in pure water.'^ °^  Therefore, urea-water solutions are often 
treated as ideal solutions for extensive experimental investigations. 
The volume and compressibility behaviour of solute in solution can 
provide information concerning solute-solvent and solute-solute interactions. 
Ultrasonic velocity data as such do not provide significant information about 
the native and the relative strength of various types of intermolecular/interionic 
interactions, but the derived parameters such as specific acoustic impedance, 
(Z), adiabatic compressibility, (P,), change in adiabatic compressibility, (APs), 
relative change in adiabatic compressibility, (Ap,/p°) and relative association, 
(RA), etc. provide a basis for understanding the type and the extent of 
intermolecular interactions, such as weak or strong or no interaction at all, and 
may throw some light quantitatively on the mechanism of intermolecular 
processes. In addition to this, the behaviour of the ultrasonic velocity in a 
solution is known to depend on temperature as well as on the composition of 
solution. A departure from linearity in the ultrasonic velocity versus 
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composition behaviour in liquid mixtures is taken as an indication of the 
existence of interactions between different speciesJ^ '"^ '^ 
The compressibility of a solution may be determined by studying the 
effect of solvent, solute and solvation. The effects of the solute are separated 
into two parts: The compressibility of the solute molecule and solute-solute 
interaction. If the concentration of the solution becomes sufficiently low, the 
second effect becomes negligible. We have conducted pH-dependent 
measurement of density and sound velocity aimed at determining the changes 
in volume and adiabatic compressibility associated with neutralization of the 
amino and carboxyl termini of aromatic amino acids. At neutral pH, these 
zwitterionic molecules consist of oppositely charged amino and carboxyl 
termini. The solute-solvent interactions have been studied in the light of 
thermodynamic properties, e.g., the compressibility lowering, APs. Thus the 
study of APs will ultimately lead to a better understanding of the molecular 
configuration and interactions.^ ^ '^ Partial molal volume, at infinite dilution has 
often been used in a complementary mode to obtain information about the 
structural and interactional phenomena associated with solvation 
processes.^ '^*'^ ^^  
In the present work, an attempt has been made to examine the solute-
solvent interactions by calculating the various derived parameters using the 
ultrasonic velocity and density data for the following systems for several 
concentrations at different temperatures. 
i. DL-Phenylalanine in phosphate buffer at different pH (6-8) in 0.1 m 
aqueous urea solutions. 
ii. L-Tryptophan in phosphate buffer at different pH (6-8) in 0.1 m 
aqueous urea solutions. 
iii. L-Tyrosine in phosphate buffer at different pH (6-8) in 0.1 m aqueous 
urea solutions. 
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THEORY: 
Specific acoustic impedance (Z) is obtained using the relation 
Z = U x p (i) 
Adiabatic compressibility, Ps, is obtained by employing the experimental 
values of sound velocity, U, and the density, d, using the following Laplace 
equation 
Ps=l/u'p (ii) 
Compressibility lowering is the difference in its value for the solvent 
and that of solution 
APs = P°-Ps (iii) 
Relative change in adiabatic compressibility is calculated by the 
equation 
Ap, = APs/p° (iv) 
Relative association, is given as 
RA=P- •(V) 
where Ps is the adiabatic compressibility of the solution, Po, the adiabatic 
compressibility of the solvent, p, the density of the solution, and po, the density 
of the solvent. 
The apparent molal volumes, <|>v, of the amino acid solutions have been 
determined from the density, p, and adiabatic compressibility, Ps, of the 
solution using the equation 
^__x,m(p,-p)^M 
mp^p d 
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The limiting values ^y° are obtained as the intercept of ^^ versus m plots 
by least squares fitting the data to the equation, 
(j)v = (|)°v + Sytti (vii) 
in which (t)v° is the partial molal volume and Sv is the slope. 
RESULTS AND DISCUSSION: 
The density data of aromatic amino acids in phosphate buffers of pH 6-8 with 
aqueous urea solutions as functions of concentration and temperature have been 
given in Table-1.1 (a-i). The density values have been found to exhibit the 
usual decrease with an increase in temperature and increase with an increase in 
concentration as shown in Fig.-1.1 (d-f)-
The measured values of ultrasonic velocities are listed in Table-1.2 (a-i) 
at several temperatures for each of the compositions studied. The values of U 
are found to increase linearly with increase in temperature, and are also 
affected by change in concentration. The ultrasonic velocities of the said 
solutions have been found to increase with increase in amino acid 
concentration. The variation in the values of U with composition at different 
temperatures is shown in Fig.- 1.2(a-i). 
It is observed that the values of 'Z' [Table- 1.3 (a-i)] vary linearly with 
increase in concentration of aromatic amino acids and they also increase with 
increase in temperature as apparent from Fig.- 1.3 (a-i). This is in accordance 
with the equation in which 'Z' is directly proportional to ultrasonic velocity. 
The adiabatic compressibility, p.,, obtained from equation (ii) decreases 
with increase in temperature [Table-1.4 (a-i)], it is primarily the compressibility 
which increases in thermal breaking of the solvent components, which in turn 
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Table 1.1(a): Densities p (gm cm"^ ) of DL- Phenylalanine in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'^^^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.9982 
0.9990 
0.9998 
1.0008 
1.0016 
308.15 
0.9958 
0.9967 
0.9976 
0.9984 
1.0000 
313.15 
0.9935 
0.9943 
0.9952 
0.9964 
0.9976 
318.15 
0.9913 
0.9921 
0.9929 
0.9939 
0.9948 
323.15 
0.9890 
0.9898 
0.9906 
0.9916 
0.9925 
328.15 
0.9868 
0.9875 
0.9884 
0.9896 
0.9904 
Table 1.1(b): Densities p (gm cm~^ ) of L-Tryptophan in Phosphate Buffer 
pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol ^%^ y^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.9984 
0.9995 
1.0006 
1.0016 
1.0026 
308.15 
0.9960 
0.9971 
0.9982 
0.9996 
1.0004 
313.15 
0.9937 
0.9948 
0.9962 
0.9970 
0.9980 
318.15 
0.9916 
0.9926 
0.9937 
0.9948 
0.9958 
323.15 
0.9892 
0.9904 
0.9916 
0.9925 
0.9936 
328.15 
0.9870 
0.9880 
0.9892 
0.9903 
0.9913 
Table 1.1(c): Densities p (gm cm"^ ) of L- Tyrosine in Phosphate Buffer 
pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol V.%^yy 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.9984 
0.9995 
1.0006 
1.0017 
1.0028 
308.15 
0.9961 
0.9971 
0.9982 
0.9993 
1.0004 
313.15 
0.9937 
0.9948 
0.9959 
0.9970 
0.9981 
318.15 
0.9916 
0.9926 
0.9937 
0.9948 
0.9958 
323.15 
0.9892 
0.9903 
0.9914 
0.9925 
0.9936 
328.15 
0.9870 
0.9881 
0.9891 
0.9903 
0.9914 
34 
Table 1.1(d): Densities p (gm cm"^ ) of DL- Phenylalanine in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"' >/ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.9996 
1.0004 
1.0012 
1.0020 
1.0028 
308.15 
0.9978 
0.9986 
0.9994 
1.0002 
1.0010 
313.15 
0.9962 
0.9970 
0.9978 
0.9986 
0.9994 
318.15 
0.9944 
0.9952 
0.9960 
0.9968 
0.9976 
323.15 
0.9926 
0.9934 
0.9942 
0.9950 
0.9958 
328.15 
0.9908 
0.9914 
0.9924 
0.9932 
0.9940 
Table 1.1(e): Densities p (gm cm''') of L-Tryptophan in Phosphate Buffer 
pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"*^/ 
XTemp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.9998 
1.0010 
1.0021 
1.0033 
1.0044 
308.15 
0.9980 
0.9992 
1.0003 
1.0015 
1.0026 
313.15 
0.9964 
0.9976 
0.9987 
0.9999 
1.0010 
318.15 
0.9944 
0.9958 
0.9961 
0.9981 
0.9992 
323.15 
0.9928 
0.9940 
0.9951 
0.9963 
0.9974 
328.15 
0.9910 
0.9922 
0.9933 
0.9945 
0.9956 
Table 1.1(f): Densities p (gm cm'^ ) of L- Tyrosine in Phosphate Buffer pH 
7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality / ^ 
mol kg' y^ 
y' Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.9998 
1.0009 
1.0020 
1.0031 
1.0042 
308.15 
0.9980 
0.9991 
1.0002 
1.0013 
1.0024 
313.15 
0.9964 
0.9975 
0.9986 
0.9997 
1.0008 
318.15 
0.9946 
0.9957 
0.9968 
0.9979 
0.9990 
323.15 
0.9928 
0.9939 
0.9950 
0.9961 
0.9972 
328.15 
0.9910 
0.9921 
0.9932 
0.9943 
0.9954 
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Table 1.1(g): Densities p (gm cm"^ ) of DL- Phenylalanine in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y ^ 
mol V%^y^ 
XTemp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.9970 
0.9978 
0.9986 
0.9996 
1.0002 
308.15 
0.9953 
0.9961 
0.9969 
0.9977 
0.9985 
313.15 
0.9936 
0.9944 
0.9952 
0.9960 
0.9966 
318.15 
0.9920 
0.9928 
0.9936 
0.9944 
0.9952 
323.15 
0.9903 
0.9911 
0.9919 
0.9927 
0.9935 
328.15 
0.9886 
0.9894 
0.9902 
0.9910 
0.9918 
.-3\ Table 1.1(h): Densities p (gm cm') of L-Tryptophan in Phosphate Buffer 
pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
molv%^ y^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.9972 
0.9983 
0.9994 
1.0005 
1.0015 
308.15 
0.9955 
0.9966 
0.9977 
0.9988 
0.9998 
313.15 
0.9938 
0.9949 
0.9960 
0.9971 
0.9981 
318.15 
0.9922 
0.9933 
0.9944 
0.9955 
0.9965 
323.15 
0.9905 
0.9916 
0.9927 
0.9938 
0.9949 
328.15 
0.9888 
0.9899 
0.9910 
0.9921 
0.9931 
.-3^ Table l.l(i): Densities p (gm cm') of L-Tyrosine in Phosphate Buffer pH 8 
+ 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y ^ 
mol kg'' / ^ 
X^^Temp.(K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
^3911 
0.9983 
0.9996 
1.0006 
1.0017 
308.15 
0.9955 
0.9966 
0.9978 
0.9989 
1.0000 
313.15 
0.9938 
0.9949 
0.9961 
0.9972 
0.9983 
318.15 
0.9922 
0.9933 
0.9945 
0.9956 
0.9967 
323.15 
0.9905 
0.9916 
0.9928 
0.9939 
0.9950 
328.15 
0.9888 
0.9899 
0.9911 
0.9922 
0.9933 
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Table 1.2(a): Ultrasonic Velocities, U, (m. s"') of DL- Phenylalanine in 
Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution for 
Different Concentrations and Temperatures 
molality x ^ 
mol kg'* y ^ 
Xlcav^. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1512.7 
1516.7 
1519.1 
1523.0 
1524.9 
308.15 
\511A 
1524.8 
1529.3 
1530.6 
1533.0 
313.15 
1530.1 
1533.1 
1537.4 
1538.6 
1542.4 
318.15 
1541.8 
1545.6 
1547.0 
1550.4 
1553.1 
323.15 
1548.0 
1550.8 
1552.5 
1556.8 
1558.2 
328.15 
1554.4 
1558.1 
1560.6 
1564.9 
1567.0 
Table 1.2(b): Ultrasonic Velocities, U, (m. s"*) of L-Tryptophan in 
Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution for 
Different Concentrations and Temperatures 
molality y^ 
mol V%^y^ 
y ^ Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1517.2 
1520.4 
1522.5 
1526.8 
1528.9 
308.15 
1524.9 
1529.0 
1532.2 
1534.8 
1536.7 
313.15 
1531.0 
1535.6 
1537.5 
1540.9 
1542.5 
318.15 
1536.3 
1541.0 
1544.0 
1549.1 
1550.4 
323.15 
1545.5 
1548.7 
1552.2 
1554.8 
1556.6 
328.15 
1551.8 
1554.2 
1556.6 
1559.1 
1562.7 
Table 1.2(c): Ultrasonic Velocities, U, (m. s'*) of L-Tyroslne in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y ^ 
mol kg"* y 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1517.5 
1524.7 
1525.8 
1528.4 
1530.6 
308.15 
1527.1 
1529.0 
1531.5 
1533.6 
1535.6 
313.15 
1533.1 
1536.9 
1538.7 
1540.5 
1543.2 
318.15 
1539.1 
1541.9 
1545.0 
1550.7 
1554.7 
323.15 
1546.8 
1548.0 
1553.6 
1557.4 
1559.1 
328.15 
1553.1 
1556.0 
1558.6 
1560.6 
1565.5 
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Table 1.2(d): Ultrasonic Velocities, U, (m. s"') of DL- Phenylalanine in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution for 
Pifferent Concentrations and Temperatures 
molality y^ 
mol kg"/^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1515.4 
1517.4 
1520.8 
1523.4 
1525.0 
308.15 
1524.9 
1526.6 
1529.7 
1531.0 
1532.5 
313.15 
1531.3 
1535.2 
1537.3 
1538.0 
1541.2 
318.15 
1541.1 
1543.2 
1544.6 
1546.4 
1548.8 
323.15 
1545.2 
1546.5 
1551.0 
1552.8 
1554.8 
328.15 
1551.0 
1552.8 
1554.2 
1556.8 
1558.7 
Table 1.2(e): Ultrasonic Velocities, U, (m. s"^ ) of L-Tryptophan in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution for 
Dil 
molality y^ 
mol kg"V/ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
'ferent Conce 
303.15 
1512.9 
1516.4 
1520.6 
1522.8 
1524.6 
ntrations 
308.15 
1522.6 
1526.8 
1529.4 
1530.3 
1533.2 
and Temperatures 
313.15 
1530.9 
1534.6 
1538.8 
1540.1 
1541.8 
318.15 
1541.0 
1542.6 
1544.7 
1546.9 
1548.4 
323.15 
1545.0 
1546.0 
1549.2 
1551.1 
1553.3 
328.15 
1550.7 
1553.1 
1554.6 
1556.9 
1559.9 
Table 1.2(f): Ultrasonic Velocities, U, (m. s"^ ) of L-Tyrosine in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
1 molality y^ 
1 mol kg' y 
X T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1514.2 
1516.8 
1520.8 
1523.0 
1524.6 
308.15 
1523.2 
1524.6 
1529.3 
1531.5 
1533.3 
313.15 
1530.4 
1535.6 
1537.4 
1538.7 
1540.9 
318.15 
1540.7 
1543.2 
1546.6 
1548.8 
1550.8 
323.15 
1546.4 
1549.2 
1551.1 
1554.0 
1556.5 
328.15 
1551.2 
1553.0 
1556.9 
1558.6 
1560.4 
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Table 1.2(g): Ultrasonic Velocities, U, (m. s'*) of DL- Phenylalanine in 
Phosphate Buffer pH 8 + 0.1 m Aqueous Urea Solution for 
Dif 
molality y^ 
mol kg"* y ^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
'erent Concentrations and Te 
303.15 
1517.0 
1519.2 
1520.8 
1524.4 
1526.8 
308.15 
1524.4 
1527.8 
1530.3 
1532.5 
1536.9 
313.15 
1530.9 
1535.0 
1538.4 
1539.5 
1542.7 
mperatures 
318.15 
1536.9 
1540.4 
1543.6 
1548.8 
1550.0 
323.15 
1544.4 
1547.1 
1550.8 
1554.2 
1555.0 
328.15 
1551.0 
1552.8 
1556.0 
1558.2 
1560.8 
Table 1.2(h): Ultrasonic Velocities, U, (m. s'*) of L-Tryptophan in 
Phosphate pH 8 + 0.1 m Aqueous Urea Solution for 
^Different Concentrations and Temperatures 
molality y^ 
mol kg'*/^ 
/ Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1517.2 
1518.4 
1521.3 
1523.4 
1525.0 
308.15 
1526.6 
1529.0 
1530.9 
1532.7 
1535.1 
313.15 
1534.5 
1537.4 
1538.2 
1540.3 
1543.2 
318.15 
1540.8 
1542.2 
1544.6 
1547.1 
1549.1 
323.15 
1546.6 
1548.9 
1550.4 
1552.4 
1555.4 
328.15 
1552.6 
1555.4 
1556.8 
1559.1 
1561.5 
.-1^ Table 1.2(i): Ultrasonic Velocities, U, (m. s') of L-Tyrosine in Phosphate 
pH 8 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y^ 
mol kg'' y ^ 
/ r e m p. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1518.6 
1520.8 
1523.3 
1526.4 
1528.4 
308.15 
1527.4 
1529.4 
1531.6 
1535.3 
1538.3 
313.15 
1535.0 
1538.9 
1540.1 
1543.3 
1544.4 
318.15 
1542.7 
1545.5 
1547.7 
1549.7 
1551.7 
323.15 
1548.2 
1551.2 
1552.4 
1554.8 
1556.6 
328.15 
1552.0 
1554.6 
1557.1 
1559.0 
1562.3 
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Table 1.3 (a): Specific Acoustic Impedance (Z) of DL- Phenylalanine in 
Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution for 
Different Concentrations and Temperatures 
molality 
mol kg'^  
Temp. (K) 
303.15 308.15 313.15 318.15 323.15 328.15 
0.01 1509.98 1516.01 1520.15 1528.39 1530.97 1533.88 
0.03 1515.18 1519.77 1529.42 1533.39 1534.98 1538.62 
0.05 1518.80 1525.63 1530.02 1536.02 1537.91 1542.50 
0.07 1524.22 1528.15 1533.60 1540.94 1543.72 1548.63 
0.09 1527.34 1533.00 1538.70 1545.02 1546.51 1551.96 
Table 1.3 (b): Specific Acoustic Impedance (Z) of L-Tryptophan in 
Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution 
for Different Concentrations and Temperatures 
molality y^ 
mol V%^y/^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1514.77 
1519.64 
1523.41 
1529.24 
1532.88 
308.15 
1518.80 
1524.57 
1529.44 
1534.19 
1537.31 
313.15 
1521.35 
1527.61 
1531.66 
1536.28 
1539.42 
318.15 
1523.40 
1529.60 
1534.27 
1541.04 
1543.89 
323.15 
1528.81 
1533.83 
1539.16 
1543.14 
1546.64 
328.15 
1531.63 
1535.55 
1539.79 
1543.98 
1549.10 
Table 1.3 (c): Specific Acoustic Impedance (Z) of L-Tyrosine in 
Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution 
for Different Concentrations and Temperatures 
molality y^ 
mol kg"' / '^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1515.07 
1523.94 
1526.72 
1531.00 
1534.89 
308.15 
1521.14 
1524.57 
1528.74 
1532.53 
1536.21 
313.15 
1523.44 
1528.91 
1532.39 
1535.88 
1540.27 
318.15 
1526.17 
1530.49 
1535.27 
1542.64 
1548.17 
323.15 
1530.09 
1532.98 
1540.24 
1545.72 
1549.12 
328.15 
1532.91 
1537.48 
1541.61 
1545.46 
1552.04 
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Table 1.3 (d): Specific Acoustic Impedance (Z) of DL- Phenylalanine in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution for 
jPifferent Concentrations and Temperatures 
molality 
mol kg' 303.15 308.15 313.15 318.15 323.15 328.15 
0.01 1514.79 1521.55 1525.48 1532.47 1533.77 1536.73 
0.03 1518.01 1524.46 1530.59 1535.79 1536.29 1539.45 
0.05 1522.62 1528.72 1533.92 1538.42 1542.00 1542.39 
0.07 1526.45 1531.31 1535.85 1541.45 1545.04 1546.21 
0.09 1529.27 1534.03 1540.28 1545.08 1547.03 1549.35 
Table 1.3 (e): Specific Acoustic Impedance (Z) of L-Tryptophan in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution 
for Different Concentrations and Temperatures 
molality y^ 
mol kg'V/ 
XT^TCi^. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1512.60 
1517.92 
1523.79 
1527.83 
1531.31 
308.15 
1519.55 
1525.58 
1529.86 
1532.60 
1537.19 
313.15 
1525.39 
1530.92 
1536.80 
1539.95 
1543.34 
318.15 
1532.37 
1536.12 
1538.58 
1543.96 
1547.16 
323.15 
1533.88 
1536.72 
1541.61 
1545.36 
1549.26 
328.15 
1536.74 
1540.99 
1544.18 
1548.34 
1552.74 
Table 1.3 (f): Specific Acoustic Impedance (Z) of L-Tyrosine in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution for Different 
C^oncentrations and Temperatures 
molality y^ 
mol V%^y 
x^Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1513.90 
1518.17 
1523.84 
1527.72 
1531.00 
308.15 
1520.15 
1523.23 
1529.61 
1533.49 
1536.98 
313.15 
1524.89 
1531.76 
1532.25 
1538.25 
1542.13 
318.15 
1532.38 
1536.56 
1541.65 
1545.55 
1549.25 
323.15 
1535.27 
1539.75 
1543.34 
1547.94 
1552.14 
328.15 
1537.24 
1540.73 
1546.31 
1549.72 
1553.22 
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Table 1.3 (g): Specific Acoustic Impedance 
Phosphate Buffer pH 8 + 0.1 
Different Concentrations and 
(Z) of DL- Phenylalanine in 
m Aqueous Urea Solution for 
Temperatures 
molality 
mol kg"* 303.15 
Temp. (K) 
308.15 313.15 318.15 323.15 328.15 
0.01 1512.45 1517.24 1521.10 1524.60 1529.42 1533.32 
0.03 1515.86 1521.84 1526.40 1529.31 1533.33 1536.34 
0.05 1518.67 1525.56 1531.02 1533.72 1538.24 1540.75 
0.07 1523.79 1528.98 1533.34 1540.13 1542.85 1544.18 
0.09 1527.11 1530.20 1537.45 1542.56 1544.89 1548.00 
Table 1.3 (h): Specific Acoustic Impedance (Z) of L-Tryptophan in 
Phosphate Buffer pH 8 + 0.1 m Aqueous Urea Solution 
for Different Concentrations and Temperatures 
molality y^ 
mol kg"' / ^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1512.95 
1515.82 
1520.39 
1524.16 
1527.29 
308.15 
1519.73 
1523.80 
1527.38 
1530.86 
1534.79 
313.15 
1524.99 
1529.56 
1532.05 
1535.83 
1540.27 
318.15 
1528.72 
1531.87 
1535.95 
1540.14 
1543.78 
323.15 
1531.91 
1535.89 
1539.08 
1542.78 
1547.47 
328.15 
1535.21 
1539.69 
1542.79 
1546.78 
1550.73 
Table 1.3 (i): Specific Acoustic Impedance (Z) of L-Tyrosine in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y^ 
mol kg'*/^ 
/^Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1514.35 
1518.21 
1522.69 
1527.32 
1531.00 
308.15 
1520.53 
1524.20 
1528.23 
1533.61 
1537.30 
313.15 
1525.48 
1531.05 
1534.09 
1538.98 
1541.77 
318.15 
1530.67 
1535.15 
1539.19 
1542.88 
1546.58 
323.15 
1533.49 
1538.17 
1541.22 
1545.32 
1548.82 
328.15 
1534.62 
1538.96 
1543.24 
1546.48 
1551.83 
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results in greater attractive forces among the molecules of a solution. Decrease 
in the p, values with increases in concentration [Fig.-1.4(a-i)], may be due to 
increase in the solute-solvent interactions, which leads to a change in the 
ultrasonic velocity, the greater the attractive forces among the molecules of a 
liquid, the smaller will be the compressibility. 
The compressibility lowering, APs, calculated from equation (iii) varies 
linearly with concentration and shows no definite trend with temperature. The 
variation of compressibility lowering with the concentration is given in Table-
1.5 (a-i) at different temperatures and pH values. At very low concentration 
(0.01m), APs is very small, even negative in some cases as shown in Fig.- 1.5 
(a-i). 
Relative change in adiabatic compressibilities, Apj/p", obtained from 
equation [iv] is listed in Table-1.6 (a-i). It is noteworthy that APs/p° values 
increase with increase in concentration, which may be attributed to an increase 
in the incompressible entities and increase in the solvation of such molecules 
while no regular trend is exhibited with temperature. At very low concentration 
(0.01m), APs/p°, is very small, even negative in some cases as shown in Fig.-
1.6 (a-i). 
The relative association, RA is the property used to understand the 
interactions. Relative association is influenced by two important factors: 
i) Breaking up of the associated solvent molecules on addition of solute 
in it. 
ii) The solvation of solute molecules. 
The former leads to the decrease and latter to the increase of relative 
association. In the present study, RA increases with increases in the 
concentration of aromatic amino acids [Table-1.7 (a-i)], which suggests the 
greater influence of second factor than the first. 
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Table 1.4(a): Adiabatic Compressibility (P,xlO"^ cm dyne) of 
DL- Phenylalanine in Phosphate Buffer pH 6 + 0.1 m 
Aqueous Urea Solution for Different Concentrations and 
1 
molality y^ 
mol kg'* y/^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
lemperat 
303.15 
4.3780 
4.3515 
4.3343 
4.3078 
4.2936 
tures 
308.15 
^ 4.3328 
4.3153 
4.2861 
4.2754 
4.2552 
313.15 
4.2992 
4.2790 
4.2512 
4.2395 
4.2136 
318.15 
4.2436 
4.2194 
4.2084 
4.1899 
4.1674 
323.15 
4.2195 
4.2009 
4.1883 
4.1610 
4.1498 
328.15 
4.1942 
4.1713 
4.1542 
4.1264 
4.1120 
Table 1.4(b): Adiabatic Compressibility (PsXlO'', cm^ dyne"*) of 
L-Tryptophan in Phosphate Buffer pH 6 + 0.1 m Aqueous 
Urea Solution for Different Concentrations and 
1 
molality y^ 
mol kg'* y 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
Pempera 
303.15 
4.3512 
4.3281 
4.3115 
4.2836 
4.2669 
tures 
308.15 
4.3178 
4.2898 
4.2673 
4.2469 
4.2330 
313.15 
4.2933 
4.2629 
4.2464 
4.2243 
4.2113 
318.15 
4.2728 
4.2425 
4.22213 
4.1890 
4.1777 
323.15 
4.2323 
4.2097 
4.1857 
4.1679 
4.1537 
328.15 
4.2074 
4.1901 
4.17222 
4.1542 
4.1309 
Table 1.4(c): Adiabatic Compressibility (P,xlO"', cm^ dyne'*) of L-Tyrosine 
in Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution for 
Different Concentrations and Temperatures 
molality y^ 
mol kg'* y^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
4.3495 
4.3038 
4.2928 
^21'h^ 
4.2566 
308.15 
4.3049 
4.2899 
4.2712 
4.2548 
4.2391 
313.15 
4.2816 
4.2557 
4.2411 
4.2265 
4.2071 
318.15 
4.2573 
4.2375 
4.2159 
4.1803 
4.1547 
323.15 
4.2252 
4.2140 
4.1790 
4.1540 
4.1404 
328.15 
4.2003 
4.1800 
4.1619 
4.1462 
4.1157 
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Table 1.4(d): Adiabatic Compressibility (P,xlO•^ cm dyne) of 
DL- Phenylalanine in Phosphate Buffer pH 7 + 0.1 m 
Aqueous Urea Solution forDifferent Concentrations and 
Temperatures 
molality y/^ 
mol kg"^  y/^ 
X T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
4.3563 
4.3414 
4.3185 
4.3004 
M'^l^ 
308.15 
4.3040 
4.2969 
4.2761 
4.2654 
4.2537 
313.15 
4.2809 
4.2557 
A.imi 
4.2335 
4.2125 
318.15 
4.2343 
4.2193 
4.2083 
4.1952 
4.1788 
323.15 
4.2195 
4.2090 
4.1812 
4.1682 
4.1541 
328.15 
4.1956 
4.1833 
4.1716 
4.1543 
4.1408 
Table 1.4(e): Adiabatic Compressibility (PsXlC^ cm^ dyne"^ ) of 
L-Tryptophan in Phosphate Buffer pH 7 + 0.1 m 
Aqueous Urea Solution for Different Concentrations and 
Temperatures 
molality y ^ 
mol kg"^  y/^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
4.3698 
4.3445 
4.3158 
4.2982 
4.2833 
308.15 
A.'hTlX 
Al^-hl 
^.Tl'i9 
4.2638 
4.2430 
313.15 
4.2823 
4.2565 
4.2286 
4.2164 
4.2025 
318.15 
4.2348 
4.2201 
4.2074 
4.1870 
4.1743 
323.15 
A.2\91 
4.2092 
4.1871 
4.1719 
4.1555 
328.15 
4.1963 
4.1783 
4.1656 
4.1483 
4.1294 
Table 1.4(f): Adiabatic Compressibility (P,xlO'', cm^ dyne'*) of L-Tyrosine 
in Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution for 
Different Concentrations and Temperatures 
molality y^ 
mol kg"* >/ 
/ r e m p . ( K ) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15, 
4.3623 
4.3426 
4.3151 
4.2979 
4.2842 
308.15 
4.3187 
4.3061 
4.2749 
4.2580 
4.2433 
313.15 
4.2851 
4.2514 
4.2368 
4.2250 
4.2083 
318.15 
4.2356 
4.2172 
4.1941 
4.1776 
4.1622 
323.15 
4.2121 
4.1922 
4.1773 
4.1571 
4.1392 
328.15 
4.1936 
4.1793 
4.1538 
4.1401 
4.1260 
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Table 1.4(g): Adiabatic Compressibility (PsXlO'\^ cm^ dyne"^) of 
:, DL-Phenylalanine in Phosphate Buffer pH 5 + 
0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y ^ 
mol kg^ y^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
4.3585 
4.3424 
4.3298 
4.3050 
4.2889 
308.15 
^.'illb 
4.3009 
4.2835 
4.2678 
4.2399 
313.15 
4,2943 
4.2680 
4.2457 
4.2362 
4.2162 
318.15 
A.ieii 
4.2449 
4.2240 
4.1932 
4.1824 
323.15 
4.2336 
4.2155 
4.1920 
4.1703 
4.1627 
328.15 
4.2049 
4.1918 
4.1712 
4.1560 
4.1389 
Table 1.4(h): Adiabatic Compressibility (PsXlC^ cm^ dyne'') of 
L-Tryptophan in Phosphate Buffer pH 8 + 0.1 m 
Aqueous Urea Solution for Different Concentrations 
and lem 
molality y ^ 
mol k g ' y^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
4.3564 
4.3448 
4.3121 
4.2899 
4.2744 
peratures 
308.15 
4.3103 
4.2920 
4.2767 
4.2619 
4.2444 
313.15 
4.2733 
4.2525 
4.2434 
4.2272 
4.2071 
318.15 
4.2453 
4.2329 
4.2151 
4.1968 
4.1818 
323.15 
4.2207 
4.2036 
4.1908 
4.1754 
4.1547 
328.15 
4.1954 
4.1757 
4.1635 
4.1466 
4.1297 
Table 1.4(i): Adiabatic Compressibility (PsXlO'^ , cm^ dyne') of L-Tyrosine 
in Phosphate Buffer pH 8 + 0.1 m Aqueous Urea Solution for 
Different Concentrations and Temperatures 
molality y^ 
mol kg"' / / 
X T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303,15 
4.3484 
4.3311 
4.3112 
4.2895 
4.2735 
308.15 
4.3058 
4.2898 
4.2723 
4.2471 
4.2314 
313.15 
4.2706 
4.2442 
4.2325 
4.2103 
4.1997 
318.15 
4.2348 
4.2148 
4.1978 
4,1823 
4.1670 
323.15 
4.2120 
4.1911 
4.1796 
4.1621 
4.1478 
328.15 
4.1986 
4.1800 
4.1615 
4,1468 
4,1247 
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Table l.S(a): Compressibility Lowering (Ap.xlO", 
DL-Phenylalanine in Phosphate BufTer pH 
Urea Solution for Different Concentrations 
molality 
mol kg -1 
[emp. (K) 
303.15 308.15 313.15 318.15 
cm^ dyne') of 
6 + 0.1 m Aqueous 
and Temperatures 
323.15 328.15 
0.01 -0.0253 -0.0081 -0.0098 0.0119 -0.0009 0.0017 
0.03 0.0012 0.0094 0.0104 0.0361 0.0177 0.0246 
0.05 0.0184 0.0386 0.0382 0.0471 0.0303 0.0417 
0.07 0.0449 0.0493 0.0529 0.0656 0.0576 0.0695 
0.09 0.0591 0.0695 0.0758 0.0881 0.0688 0.0839 
Table 1.5(b): Compressibility Lowering (Ap,xlO'', cm^ dyne'') of L-Tryptophan 
in Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution for 
Dili 
molality y^ 
mol\ig^ y^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
erent Con 
303.15 
0.0015 
0.0246 
0.0412 
0.0691 
0.0858 
centration 
308.15 
0.0069 
0.0349 
0.0574 
0.0778 
0.0917 
s and Tern 
313.15 
-0.0039 
0.0265 
0.0430 
0.0651 
0.0781 
peratures 
318.15 
-0.0173 
0.0130 
0.0342 
0.0665 
0.0778 
323.15 
-0.0137 
0.0089 
0.0329 
0.0507 
0.0649 
328.15 
-0.0115 
0.0058 
0.0237 
0.0417 
0.0650 
Table l.S(c): Compressibility Lowering (Ap,xlO'^ , cm^ dyne'') of L-Tyrosine in 
Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution for 
Ulf 
molality y^ 
mol V%^y/^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
terent con 
303.15 
0.0032 
0.0489 
0.0599 
0.0792 
0.0961 
centration 
308.15 
0.0198 
0.0348 
0.0535 
0.0649 
0.0856 
s and 1 em 
313.15 
0.0078 
0.0337 
0.0483 
0.0629 
0.0823 
peratures 
318.15 
-0.0018 
0.0180 
0.0396 
0.0752 
0.1008 
323.15 
-0.0066 
0.0046 
0.0396 
0.0646 
0.0782 
328.15 
-0.0044 
0.0159 
0.0297 
0.0497 
0.0802 
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Tabic 1.5(d): 
molality X 
mol k g V / ^ 
/ /Temp, (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
Compressibility Lowering (Ap.xlO , cm dyne ) of 
DL- Phenylalanine in Phosphate Buffer pH 7 + 0.1 m Aqueous 
Urea Solution for Different Concentrations and Temperatures 
303.15 
0.0175 
0.0322 
0.0551 
0.0732 
0.0857 
308.15 
0.0315 
0.0386 
0.0594 
0.0701 
0.0818 
313.15 
0.0023 
0.0275 
0.0425 
0.1020 
0.0707 
318.15 
0.0132 
0.0282 
0.0392 
0.0523 
0.0687 
323.15 
0.0006 
0.0111 
0.0389 
0.0519 
0.0660 
328.15 
0.0125 
0.0248 
0.0365 
0.0538 
0.0673 
Table 1.5(e): Compressibility Lowering (Ap,xlO', cm^ dyne'*) of L-Tryptophan 
in Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution for 
Ult 
molality X 
mol kg'VX 
/ r e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
lerent con 
303.15 
0.0038 
0.0291 
0.0578 
0.0754 
0.0903 
centration 
308.15 
0.0134 
0.0423 
0.0616 
0.0717 
0.0925 
s and 1 em 
313.15 
0.0009 
0.0267 
0.0546 
0.0668 
0.0807 
peratures 
318.15 
0.0127 
0.0274 
0.0401 
0.0605 
0.0732 
323.15 
0.0004 
0.0109 
0.0330 
0.0482 
0.0646 
328.15 
0.0118 
0.0298 
0.0425 
0.0598 
0.0787 
Table 1.5(f): Compressibility Lowering (APsxlO"', cm^ dyne'^ ) of L-Tyrosine in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution for 
Dil 
molality ^ 
mol kg'V/ 
/ / r e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
ferent Cor 
303.15 
0.0113 
0.0310 
0.0585 
0.0757 
0.0894 
icentratic 
308.15 
0.0168 
0.0294 
0.0606 
0.0775 
0.0922 
ns and Temperatures 
313.15 
-0.0019 
0.0318 
0.0464 
0.0582 
0.0749 
318.15 
0.0119 
0.0303 
0.0534 
0.0699 
0.0853 
323.15 
0.0080 
0.0279 
0.0428 
0.0630 
0.0809 
1 
1 
328.15 1 
1 
0.0145 i 
1 
0.0288 
0.0543 
0.0680 
0.0821 
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Table 1.5(g): •^-7 Compressibility Lowering (Ap^xlO', cm dyne ) of 
DL- Phenylalanine in Phosphate Buffer pH 8 + 0.1 m Aqueous 
molality 
mol kg* y/^ 
Tefnp. (K) 
/ O . O l 
0.03 
0.05 
0.07 
0.09 
Urea Solu 
303.15 
0.0115 
0.0276 
0.0402 
0M50 
0.0811 
tion for Di 
308.15 
0.0080 
0.0307 
0.0481 
0M2% 
0.0917 
fferent Co 
313.15 
0.0062 
0.0325 
0.0548 
Q.QeA2 
0.0843 
ncentratioi 
318.15 
-0.0138 
0.0090 
0.0299 
QM\6 
0.0715 
[IS and Tempt 
323.15 
-0.0119 
0.0062 
0.0297 
Q.Q5\A 
0.0590 
eratures 
328.15 
0.0028 
0.0159 
0.0365 
Q.Q5\1 
0.0688 
Table l.S(h): Compressibility Lowering (APsXlO"', cm^ dyne"') of L- Tryptophan 
in Phosphate Buffer pH 8 + 0.1 m Aqueous Urea Solution for 
Dif 
molality y ^ 
mol k g * / ^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
erent Com 
303.15 
0.0136 
0.0252 
0.0579 
0.0801 
0.0956' 
:entration 
308.15 
0.0213 
0.0396 
0.0549 
0.0697 
0.0872 
s and Tem 
313.15 
0.0272 
0.0480 
0.0571 
0.0733 
0.0934 
peratures 
318.15 
0.0086 
0.0210 
0.0388 
0.0571 
0.0721 
323.15 
0.0010 
0.0181 
0.0309 
0.0463 
0.0670 
328.15 
0.0123 
0.0320 
0.0442 
0.0611 
0.0780 
Table 1.5(i): Compressibility Lowering (Ap.xlO"', cm^ dyne"*) of L-Tyrosine in 
Phosphate Buffer pH 8 + 0.1 m Aqueous Urea Solution for 
Dif 
molality y ^ 
mol k g ' V x 
X ^ e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
'erent Concentrations and Temperatures 
303.15 
0.0216 
0.0389 
0.0588 
0.0805 
0.0965 
308.15 
0.0258 
0.0418 
0.0593 
0.0845 
0.1002 
313.15 
0.0299 
0.0563 
0.0680 
0.0902 
0.1008 
318.15 
0.0191 
0.0391 
0.0561 
0.0716 
0.0869 
323.15 
0.0097 
0.0306 
0.0421 
0.0596 
0.0739 
328.15 
0.0091 
0.0277 
0.0462 
0.0609 
0.0830 
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v 3 \ Table 1.6(a): Relative Change in Adiabatic Compressibility (Ap,/p"xlO ) of 
DL- Phenylalanine in Phosphate Buffer pH 6 + 0.1 m Aqueous 
Urea Solution for Different Concentrations and Temperatures 
molality y^ 
mol kg"^  y/^ 
y^emp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
-581 
0.28 
4.23 
1032 
13.58 
308.15 
-1.87 
2.17 
8.93 
11.40 
16.07 
313.15 
-2.28 
2.42 
8.91 
12.33 
17.67 
318.15 
2.80 
8.48 
11.07 
15.42 
20.70 
323.15 
-2.13 
4.20 
7.18 
13.65 
16.31 
328.15 
0.41 
5.86 
9.94 
16.56 
20.00 
Table 1.6(b): Relative Change in Adiabatic Compressibility (APs/|3 xlO ) of 
L-Tryptophan in Phosphate Buffer pH 6 + 0.1 m Aqueous Urea 
Solution for Different Concentrations and Temperatures 
molality y^ 
mol kg"' y ^ 
/ ^ e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.34 
5.65 
9.47 
15.88 
19.71 
308.15 
1.60 
8.07 
13.27 
17.98 
21.20 
313.15 
-0.91 
6.18 
10.03 
15.18 
18.21 
318.15 
-4.07 
3.05 
8.04 
15.63 
18.28 
323.15 
-3.25 
2.11 
7.80 
12.02 
15.38 
328.15 
-2.74 
1.38 
5.65 
9.94 
15.49 
Table 1.6(c): Relative Change in Adiabatic Compressibility (Ap,/p°xlO^) of 
LrTyrosine in Phosphate Buffer pH 6 + 0.1 m Aqueous Urea 
Solution for Different Concentrations and Temperatures 
molality y^ 
mol kg"' y ^ 
/ X e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.74 
11.23 
13.76 
18.20 
22.08 
308.15 
4.58 
8.05 
12.37 
16.16 
19.79 
313.15 
1.82 
7.86 
11.26 
14.66 
19.19 
318.15 
0.42 
4.23 
9.31 
17.67 
23.69 
323.15 
-1.56 
1.09 
9.39 
15.31 
18.54 
328.15 
-1.05 
3.79 
7.08 
11.85 
19.11 
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Table 1.6(d): Relative Change in Adiabatic Compressibility (Ap,/p°xlO ^ ) of DL-
Phenylalanine in Phosphate Buffer pH 7 + 0.1 m Aqueous Urea 
Solu 
molality X 
mol kg"* y ^ 
^ e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
tion for Di 
303.15 
3.96 
7.36 
12.60 
16.74 
19.60 
Terent Coi 
308.15 
7.27 
8.90 
13.70 
16.17 
18.67 
icentration 
313.15 
0.54 
6.42 
9.92 
13.81 
16.51 
s and Tern 
318.15 
3.11 
6.64 
9.23 
12.31 
16.17 
peratures 
323.15 
0.14 
2.63 
9.22 
12.30 
15.64 
328.15 
2.97 
5.89 
8.67 
12.79 
15.99 
Table 1.6(e): Relative Change in Adiabatic Compressibility (APs/p°xlO^) of 
L-Tryptophan in Phosphate Buffer pH 7 + 0.1 m Aqueous Urea 
Solution for Different Concentrations and Temperatures 
molality y^ 
mol kg' y ^ 
yTemp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.87 
6.65 
13.22 
17.24 
20.65 
308.15 
3.09 
9.76 
14.21 
16.54 
21.34 
313.15 
0.21 
6.23 
12.75 
15.60 
18.84 
318.15 
2.99 
6.45 
9.44 
14.24 
17.23 
323.15 
0.09 
2.58 
7.82 
11.42 
15.31 
328.15 
2.80 
7.08 
10.10 
14.21 
18.70 
Table 1.6(f): Relative Change in Adiabatic Compressibility (APa/p^xlO'^ ) of 
L-Tyrosine in Phosphate Buffer pH 7 + 0.1 m Aqueous Urea 
Solution for Different Concentrations and Temperatures 
molality y^ 
mol k g ' y ^ 
/^Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303,15 
2.58 
7.09 
13.38 
17.31 
20.44 
308.15 
3.88 
6.78 
13.98 
17.88 
21.27 
313.15 
-0.44 
7.42 
10.83 
13.59 
17.49 
318.15 
2.80 
7.13 
12.57 
16.46 
20.08 
323.15 
1.90 
6.61 
10.14 
14.93 
19.17 
328.15 
3.44 
6.84 
12.90 
16.16 
19.51 
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Relative Change in Adiabatic Compressibility vs. Concentration 
of DL-Phenylalanine in Phosphate Buffer pH 7 + Aqueous Urea 
Solution at Different Temperatues 
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Table 1.6(g): Relative Change in Adiabatic Compressibility (APs/p°xlO )^ of 
DL-Phenylalanine in Phosphate Buffer pH 8 + 0.1 m Aqueous 
Urea Solution for Different Concentrations and Temperatures 
molality y^ 
mol kg'* y^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
2.63 
6.32 
9.20 
14.87 
18.56 
308.15 
1.83 
7.09 
11.10 
14.73 
21.17 
313.15 
0.33 
7.56 
12.74 
14.95 
19.60 
318.15 
-3.24 
2.12 
7.03 
14.48 
16.80 
323.15 
-2.82 
1.47 
7.04 
12.18 
13.98 
328.15 
0.67 
3.79 
8.67 
12.29 
16.35 
Table 1.6(h): Relative Change in Adiabatic Compressibility (APs/p^ xlO'^ ) of 
L-Tryptophan in Phosphate Buffer pH 8 + 0.1 m Aqueous Urea 
So 
molality y^ 
mol kg"* y 
/ / r e m p. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
ution for I 
303.15 
3.11 
5.11 
3.25 
18.33 
21.88 
>ifferent C 
308.15 
4.92 
9.14 
12.67 
16.09 
20.13 
oncentratio 
313.15 
6.32 
11.16 
13.28 
17.05 
21.72 
)ns and Tei 
318.15 
2.02 
4.94 
9.12 
13.42 
16.95 
nperaturcs 
323.15 
0.24 
4.29 
7.32 
10.97 
15.87 
328.15 
2.92 
7.61 
10.51 
14.52 
18.54 
Table 1.6(i): Relative Change in Adiabatic Compressibility (Ap /^p^xlG )^ of 
L-Tyrosine in Phosphate Buffer pH 8 + 0.1 m Aqueous Urea 
Soli 
molality y" 
mol kg'* y^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
ition for £ 
303.15 
4.94 
8.90 
13.46 
18.42 
22.08 
different Concentral 
308.15 
5.96 
9.65 
13.69 
19.51 
23.13 
313.15 
6.95 
13.09 
15.81 
20.97 
23.44 
tions and' 
318.15 
4.49 
9.19 
13.19 
16.83 
20.43 
Femperat 
323.15 
2.30 
7.25 
9.97 
14.12 
17.51 
ures 
328.15 
2.16 
6.58 
10.98 
14.47 
19.73 
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Relative Change in Adiabatic Compressibility vs. Concentration 
of OL-Pfienylalanine in Phosphate Buffer pH 8 + Aqueous Urea 
Solution at Different Temperatues 
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Table 1.7(a): Relative Association (RA) of DL-Phenylalanine in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution for Different 
^i 
molality y^ 
mol kg"' y^ 
/ ^ e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
)ncentrati 
303.15 
1.0014 
1.0014 
1.0016 
1.0018 
1.0022 
ons and l( 
308.15 
1.0015 
1.0019 
1.0018 
1.0023 
1.0034 
emperatur 
313.15 
1.0017 
1.0018 
1.0018 
1.0027 
1.0031 
es 
318.15 
1.0008 
1.0008 
1.0013 
1.0016 
1.0019 
323.15 
1.0015 
1.0017 
1.0021 
1.0022 
1.0028 
328.15 
1.0015 
1.0014 
1.0018 
1.0021 
1.0024 
Table 1.7(b): Relative Association (RA) of L>Tryptophan in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y"^ 
mol kg' / ^ 
^X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0006 
1.0010 
1.0017 
1.0017 
1.0023 
308.15 
1.0011 
1.0013 
1.0018 
1.0026 
1.0030 
313.15 
1.0017 
1.0018 
1.00328 
1.0028 
1.0035 
318.15 
1.0023 
1.0023 
1.0028 
1.0028 
1.0035 
323.15 
1.0022 
1.0027 
1.0039 
1.0035 
1.0043 
328.15 
1.0022 
1.0027 
1.0034 
1.0040 
1.0043 
Table 1.7(c): Relative Association (RA) of L-Tyrosine in Phosphate Buffer 
pH 6 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y^ 
mol k g ' y ^ 
/^Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0006 
1.0001 
1.0010 
1.0015 
1.0021 
308.15 
1.0008 
1.0013 
1.0019 
1.0026 
1.0032 
313.15 
1.0012 
1.0015 
1.0022 
1.0029 
1.0035 
318.15 
1.0017 
1.0021 
1.0026 
1.0024 
1.0026 
323.15 
1.0019 
1.0028 
1.0027 
1.0030 
1.0037 
328.15 
1.0020 
1.0024 
1.0029 
1.0037 
1.0038 
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Table 1.7(d): Relative Association (RA) of DL- Phenylalanine in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y^ 
mol V%^ y^ 
/^Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.9998 
1.0002 
1.0002 
1.0004 
1.0009 
308.15 
0.9995 
0.9999 
1.0000 
1.0006 
1.0010 
313.15 
1.0004 
1.0003 
1.0007 
1.0013 
1.0014 
318.15 
0.9999 
1.0003 
1.0008 
1.0012 
1.0015 
323.15 
1.0004 
1.0010 
1.0008 
1.0012 
1.0016 
328.15 
1.0000 
1.0002 
1.0009 
1.0011 
1.0015 
Table 1.7(e): Relative Association (RA) of L-Tryptophan in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y ^ 
mol kg"' y ^ 
/^^Temp. (K) 
0.01 
0.03 
0.05 
1 
0.07 
0.09 
303.15 
1.0006 
1.0010 
1.0012 
1.0019 
1.0026 
308.15 
1.0002 
1.0005 
1.0010 
1.0020 
1.0025 
313.15 
1.0007 
1.0019 
1.0022 
1.0022 
1.0029 
318.15 
1.0000 
1.0010 
1.0016 
1.0024 
1.0032 
323.15 
1.0007 
1.0017 
1.0021 
1.0029 
1.0035 
328.15 
1.0002 
1.0009 
1.0017 
1.0024 
1.0030 
Table 1.7(f): Relative Association (RA) of L-Tyrosine in Phosphate Buffer 
pH 7 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y^ 
mol kg'* // 
/^Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0003 
1.0008 
1.0010 
1.0016 
1.0024 
308.15 
1.0001 
1.0008 
1.0009 
1.0015 
1.0023 
313.15 
1.0008 
1.0007 
1.0015 
1.0023 
1.0029 
318.15 
1.0002 
1.0008 
1.0012 
1.0018 
1.0025 
323.15 
1.0004 
1.0009 
1.0016 
1.0021 
1.0026 
328.15 
1.0001 
1.0009 
1.0011 
1.0019 
1.0026 
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Table 1.7(g): Relative Association (RA) of DL-Phenylalanine in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y^ 
mol 1^ '^  y^ 
/^Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0000 
1.0003 
1.0008 
1.0010 
1.0011 
308.15 
1.0002 
1.0002 
1.0005 
1.0008 
1.0006 
313.15 
1.0002 
1.0001 
1.0002 
1.0008 
1.0007 
318.15 
1.0010 
1.0011 
1.0012 
1.0009 
1.0014 
323.15 
1.0009 
1.0012 
1.0012 
1.0013 
1.0019 
328.15 
1.0004 
1.0008 
1.0009 
1.0012 
1.0015 
Table 1.7(h): Relative Association (RA) of L-Tryptophan in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution for Different 
Concentrations and Temperatures 
molality y^ 
mol kg"' y 
/HTemp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0002 
1.0010 
1.0015 
1.0021 
1.0028 
308.15 
0.9999 
1.0005 
1.0012 
1.0019 
1.0013 
313.15 
0.9996 
1.0001 
1.0011 
1.0017 
1.0021 
318.15 
1.0004 
1.0012 
1.0018 
1.0023 
1.0029 
323.15 
1.0007 
1.0013 
1.0021 
1.0028 
1.0023 
328.15 
1.0002 
1.0007 
1.0015 
1.0022 
1.0027 
Table 1.7(i): Relative Association (RA) of L-Tyrosine in Phosphate Buffer 
pH 8 + 0.1 m Aqueous Urea Solution for Different 
Cor 
molality X 
mol kg"' y^ 
/ ^ e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
icentratio 
303.15 
0.9999 
1.0005 
1.0013 
1.0016 
1.0022 
ns and lei 
308.15 
0.9997 
1.0004 
1.0011 
1.0014 
1.0021 
mperatures 
313.15 
0.9995 
0.9998 
1.0007 
1.0012 
1.0020 
318.15 
1.0000 
1.0005 
1.0012 
1.0019 
1.0025 
323.15 
1.0003 
1.0008 
1.0017 
1.0023 
1.0031 
328.15 
1.0003 
1.0009 
1.0016 
1.0023 
1.0027 
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The experimental values of apparent molal volume, (fiy, calculated from 
the experimental density values are given in Table-1.8 (a-i). The ^^ values, 
which give information about the solute-solute and solute-solvent interactions, 
are positive at all the composition and temperature. The trend in the behaviour 
of (|)v vs. concentration plots for Phenylalanine seems to be different from the 
other two amino acids as apparent from Fig.-1.8 (a-i). This may apparently be 
due to total hydrophobic nature of its side chain. 
Partial molal volume at infinite dilution ^v° has been calculated by least-
squares method using equation [vii], where Sv is the experimental slope. The 
measured partial molal volume can be considered to be a sum of the geometric 
volume of the solute molecules and change in the solvent due to its interaction 
with the solute. This simple semi-empirical approach has been widely used for 
interpreting the behaviour of partial molal volume data for solutes of varied 
naturef^ -^^ 1^. 
From various thermodynamic investigations^^ '^^ '^  on amino acids in 
aqueous solution, the unique hydration characteristics of these solutes have 
been reported as follows: 
a) "^ NHa and CO'2 terminals in amino acids are hydrated in an 
electrostricitve manner whereas the intervening backbone is hydrated as 
per its nature, which may be hydrophilic, hydrophobic or amphiphilic. 
b) Electrostriction of ^'NU^ group is greater than that of C0"2 group by 
about a factor of 10. 
c) The overlap of hydration cospheres of terminal C^U^ and CO2) 
groups and of the groups adjacent to them results in a volume change. 
The (j)v° values provide information regarding the solute-solvent 
interactions, an increase in ^y° occurs due to reduction in the electrostriction at 
the terminals. Following the approach of McMillan Mayer Theory^^*"''', the 
parameter Sy (volumetric coefficient) can characterise pair-wise interactions of 
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Table 1.8(a): Apparent Molal Volume, <J>v.(cin^  mol"') of DL-Phenylalanine 
in Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution for 
Different Concentrations and Temperatures 
molality 
mol kg"* 303.15 
Temp. (K) 
308.15 313.15 318.15 323.15 328.15 
0.01 125.32 125.53 125.73 125.92 126.12 126.31 
0.03 125.22 125.43 125.63 125.87 126.01 126.20 
0.05 125.13 125.33 125.52 125.72 125.91 126.10 
0.07 122.14 122.333 122.51 122.68 122.87 123.05 
0.09 12.67 122.87 121.92 122.09 122.27 122.45 
Table 1.8(b): Apparent Molal Volume, <|)v, (cm'' mol'*) of L-Tryptophan in 
Ph 
Dil 
molality y^ 
mol kg' / ^ 
/ / T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
osphate Buffer pH 6 + 0.1 m Aqueous Urea Solution for 
Terent Concentrations and Temperatures 
303.15 
144.33 
147.51 
148.02 
149.58 
150.39 
308.15 
144.53 
147.73 
148.24 
149.81 
150.62 
313.15 
144.72 
147.94 
148.44 
148.57 
149.71 
318.15 
144.91 
148.14 
148.65 
148.77 
149.92 
323.15 
145.11 
148.34 
149.52 
148.99 
150.13 
328.15 
145.27 
148.55 
148.07 
149.19 
150.34 
Table 1.8(c): Apparent Molal Volume, (|»v, (cm^ mol'*) of L-Tyrosine in 
Ph 
Di 
molality X 
mol kg' X 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
osphate Buffer pH 6 + 0.1 m Aqueous Urea Solution for 
Terent Concentrations and Temperatures 
303.15 
121.25 
124.46 
124.99 
125.14 
125.16 
308.15 
121.39 
124.62 
125.16 
125.56 
125.33 
313.15 
121.54 
124.78 
125.31 
125.47 
125.48 
318.15 
121.67 
124.93 
125.47 
125.62 
126.78 
323.15 
121.81 
125.08 
125.63 
125.78 
126.80 
328.15 
121.95 
125.23 
125.78 
125.92 
125.95 
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The Apparent Molal Volume vs. Concentration of 
DL-Phenylalanine in Phosphate Buffer pii 6 '*- Aqueous urea 
Solution at Different Temperatures 
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Table 1.8(d): Apparent Molal Volume, (|)v,(cm^ mol*) of DL-Phenylalanine 
in Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution for 
Different Concentrations and Temperatures 
molality y^ 
mol kg'Vx 
/ /Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
125.21 
125.11 
125.01 
124.94 
124.81 
308.15 
125.36 
125.26 
125.16 
125.60 
124.96 
313.15 
125.50 
125.39 
125.30 
125.19 
125.10 
318.15 
125.65 
125.55 
125.45 
125.34 
125.25 
323.15 
125.81 
125.70 
125.60 
125.50 
125.40 
328.15 
125.96 
125.88 
125.76 
125.66 
125.56 
Table 1.8(e): Apparent Molal Volume, <|)v, (cm^ mol'') of L-Tryptophan in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution for 
Dji 
molality y^ 
mol kg'* >/^ 
/ r e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
Terent Concentrations and Temperatures 
303.15 
144.19 
144.04 
145.88 
145.13 
145.77 
308.15 
144.36 
144.18 
146.03 
145.29 
145.92 
313.15 
144.50 
144.32 
146.18 
145.43 
146.06 
318.15 
144.65 
144.48 
146.33 
145.58 
146.22 
323.15 
144.80 
144.66 
146.49 
145.74 
146.37 
328.15 
144.95 
144.78 
146.65 
145.89 
146.58 
Table 1.8(f): Apparent Molal Volume, (|)v, (cm^ mol'*) of L-Tyrosine in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution for 
Different Concentrations and Temperatures 
molality y^ 
mol kg* / ^ 
/ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
121.17 
124.36 
124.90 
125.04 
125.06 
308.15 
121.28 
124.49 
125.02 
125.17 
125.19 
313.15 
121.37 
124.60 
125.13 
125.28 
125.30 
318.15 
121.48 
124.72 
125.25 
125.40 
125.43 
323.15 
121.59 
124.84 
125.38 
125.53 
125.56 
328.15 
121.70 
124.96 
125.50 
125.65 
125.67 
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The Apparent Molal Volume vs. Concentration of 
DL-Phenylalanine in Phosphate Buffer pH 7 + Aqueous urea 
Solution at Different Temperatures 
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Table 1.8(g): Apparent Molal Volume, (j)v, (cm mpl ) of DL-Phenylala,nin|fe 
in Phosphate Buffer pH 8 + 0.1 m A^'ueous Urea SoluJk)n for 
Different Concentrations and Temperatures 'T^Tv 1><^  
molality X 
mol kg"' y^ 
,X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
125.43 
125.333 
125.23 
125.10 
125.02 
308.15 
125.58 
125.47 
125.37 
125.27 
125.17 
313.15 
125.72 
125.61 
125.51 
125.42 
125.32 
318.15 
125.86 
125.75 
125.66 
125.55 
125.45 
323.15 
126.00 
125.90 
125.80 
125.69 
125.60 
328.15 
126.15 
126.05 
125.94 
125.84 
125.74 
Table 1.8(h): Apparent Molal Volume, (t)v, (cm^ mol') of L-Tryptophan in 
Phosphate Buffer pH 8 + 0.1 m Aqueous Urea Solution for 
Dil 
molality X 
mol kg"' y^ 
/ / T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
Terent Co 
303.15 
144.43 
147.62 
148.13 
148.25 
148.37 
ncentrations and Temperatures 
308.15 
144.57 
147.77 
148.28 
148.40 
149.53 
313.15 
144.72 
147.93 
148.44 
148.57 
149.70 
318.15 
144.85 
148.08 
148.59 
148.71 
149.85 
323.15 
144.99 
148.23 
148.74 
148.87 
148.86 
328.15 
145.14 
148.36 
148.90 
149.03 
150.17 
Table 1.8(i): Apparent Molal Volume, (|)v, (cm^ mol'') of L-Tyrosine in 
Phosphate Buffer Solution of pH 8 + 0.1 m urea for Different 
Concentrations and Temperatures 
molality y^ 
mol kg"' y^ 
yremp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
121.33 
124.54 
123.05 
123.79 
124.12 
308.15 
121.43 
124.66 
123.16 
123.89 
124.23 
313.15 
121.53 
124.77 
123.27 
124.00 
124.35 
318.15 
121.63 
124.87 
123.38 
124.11 
124.45 
323.15 
121.73 
124.99 
123.49 
124.22 
124.57 
328.15 
121.84 
125.11 
123.60 
124.34 
124.68 
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The Apparent Molal Volume vs. Concentration of 
DL-Phenylalanlne in Phosphate Buffer pH 8 + Aqueous urea 
Solution at Different Temperatures 
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Table 1.9(a): Partial molal volume (J)v° (cm^ mol') of Aromatic amino acids in 
phosphate bufTer pH 6 + 0.1 m Aqueous urea solution at Diflerent 
Temperatures. 
Temp, (k) 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
Dl-Phenylalanine 
<|>v° 
126.19 
126.40 
126.95 
127.17 
127.35 
127.54 
Sv 
-41.90 
-42.10 
-53.70 
-54.25 
-54.20 
-54.35 
L-Tryptophan 
^v" 
144.42 
144.62 
145.22 
145.35 
145.75 
145.80 
Sv 
70.95 
71.30 
53.05 
53.95 
53.45 
53.70 
l-tyrosine 
^v" 
122.08 
122.21 
122.37 
122.17 
122.65 
122.79 
Sv 
42.50 
44.10 
42.85 
54.55 
43.40 
43.45 
Table 1.9(b): Partial molal volume (|)v° (cm^ mol'^ ) of Aromatic amino acids in 
phosphate buffer pH 7 + 0.1 m Aqueous urea solution at Different 
Temperatures. 
Temp, (k) 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
Dl-Phenylalanine 
<t>v° 
125.26 
125.41 
125.55 
125.70 
125.86 
126.02 
Sv 
-4.85 
-5.00 
-5.00 
-5.05 
-5.10 
-5.10 
L-Tryptoph 
<|)v° 
143.94 
144.10 
144.24 
144.39 
144.56 
144.68 
an 
Sv 
21.25 
21.15 
21.15 
21.20 
21.10 
21.85 
l-tyrosine 
<j)v° 
121.99 
122.11 
122.45 
122.31 
122.42 
122.54 
Sv 
42.30 
42.50 
39.10 
42.90 
43.15 
43.15 
Table 1.9(c): Partial molal volume (|)v° (cm^ mof') of Aromatic amino acids in 
Temp, (k) 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
phosphate buffer pH 8 + 0.1 m Aq 
Temperatures. 
DLrPhenylalanine 
(t)v° j Sv 
1 
125.48 
125.63 
125.76 
125.91 
126.05 
126.20 
-5.25 
-5.10 
-4.95 
-5.10 
-5.05 
-5.15 
ueous urea 
L-Tryptophan 
^v" 
145.23 
145.07 
145.22 
145.36 
145.84 
145.64 
Sv 
42.55 
52.75 
53.00 
53.15 
41.90 
53.65 
solution at Different 
L-tyrosine 
^y° 
122.16 
122.27 
122.37 
122.47 
122.57 
122.69 
Sv 
24.15 
24.15 
24.35 
24.40 
24.55 
24.55 
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solvated solute species in aqueous solution''*'''. The positive Sy values given in 
Table-1.8 for L-tryptophan and L-tyrosine suggest the dominance of the 
overlap of hydration coshperes of "NH3 and CO'2 groups because the 
interaction between charged end-groups of amino acids, i.e. ^NHs and CO^, 
accompany positive volume change as some electrostricted water (water 
attached strongly to the charged end-groups) return to the bulk water which has 
higher volume contribution than electrostaticted water. Although, the effect of 
these interactions dominate but the nature of side-chain may also contribute to 
the molality dependence of (j)v and thus it will alter the value of Sv''"'''^l The 
negative values of Sv for DL-Phenylalanine suggest the dominance of solute-
solvent interactions of non-polar-polar type due to the non-polar nature of its 
side chain, while for the other two amino acids, polar-polar interactions 
dominate as shown by the positive Sy values. 
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CHAPTER-II 
VISCOSITY AND ITS RELATED 
PARAMETER OF AROMATIC AMINO 
ACIDS IN PHOSPHATE BUFFERpH (6-8) 
IN AQUEOUS UREA SOLUTION 
Introduction 
The structure making and breaking properties of liquid have 
been considered as a measure of solute-solvent interactions. ' ' 
Viscosity measurements provide useful information about solute-
solute and solute-solvent interactions. These interactions have been 
studied in aqueous and non-aqueous solutions by many workers. 
'^'"^ The viscosity data provide useful information about various 
types of interactions occurring in solutions.''^'"''^ These studies are 
of great help in characterizing the structure and properties of 
solutions. The solution structure is of great importance in 
understanding the nature of bioactive molecules in the body system. 
The coefficient of viscosity of liquid measures the resistance 
to flow under stress. The close spacing and the intermolecular 
forces both contribute to this resistance to flow. Viscosity 
measurement provides valuable information about size and state of 
solvation of molecules in solution''^^ Such measurements on 
dipolar ions, particularly of the amino acids have been carried out 
by a number of workers in aqueous medium,^' "' ' aqueous 
electrolyte''^'^' and non-electrolyte'^°^ solutions. Viscometric 
studies have also been made in order to investigate the 
intermolecular interaction between surfactant and amino acids in 
aqueous medium. ^^ '^  
Banipal et al.^^^' have reported studies on thermodynamic and 
transport properties of polyols in mixed aqueous solution of urea 
and sodium chloride at different temperatures. The results of the 
studies have been discussed in terms of structure-making and 
structure-breaking processes. 
The density and viscosity studies of electrolytes at infinite 
dilution in various mixed solvent systems have contributed to our 
knowledge about electrolyte-nonelectrolyte -water interaction. By 
examining the viscosity B-coefficient, as a function of size, nature. 
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temperature and composition of mixed solvent, it is possible to 
study the effect in the hope of obtaining a better understanding of 
the interactions in solutions. 
In the present study, an attempt has been made to understand 
the interactions among the components of the system by calculating 
the viscosity, relative viscosity, specific viscosity, reduced 
viscosity and B-coefficient. 
The viscosities of aromatic amino acids in aqueous urea 
solution, which are dissolved in phosphate buffer solutions of 
different pH (6-8) measured at several temperatures with different 
concentrations of aromatic amino acids. The intermolecular/ 
interionic interactions have been investigated particularly in the 
light of viscosity B-coefficient. 
Theory 
When macromolecular material is added to a liquid, its 
viscosity is increased. Let us consider that the viscosity of a solvent 
is Tio. On addition of solute to the solvent, the viscosity of the 
solvent increases to a new value r]. the ratio of solution to solvent 
viscosity (ri/rio) is the relative viscosity: 
Tl 
rirei=— ( i ) 
n-
The change in viscosity is generally expressed in terms of specific 
viscosity.'^''' Specific viscosity, 
^ , , = ^ - 1 . (ii) 
'7, 
As the concentration of the DL-Phenylalanine, L-Tryptophan and L-
tyrosine in the solution increases, the specific viscosity also 
increases. The quantity r^ sp in the limit of infinite dilution is 
proportional to the concentration C, (measured in grams per 
mililitre). Thus, the quantity risp/C called the reduced viscosity 
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must be independent at zero concentration. The relative viscosity, 
r\T can be represented by the relation''^' '^' 
•T]^ = ^=\ + BC . ( i i i ) 
77. 
The B-coefficient values of the solute are obtained by the least 
square procedure. The values of the B-coefficient represent the 
solute-solvent interaction. The negative values are found for 
solutes, which exert a "structure breaking" effect on the solution, 
while its positive values are found for the ions/molecules, which 
are strongly hydrated, i.e., "Structure makers". ^'^' 
Results and Discussion 
The viscosity data of aromatic amino acids in phosphate 
buffer at different pH (6,7 & 8) with aqueous urea solution are 
listed in Table 2.1 (a-i) at several temperatures for each of the 
compositions studied. 
The trend of variation of viscosity values with change in 
concentration of aromatic amino acids and temperature is apparent 
from Fig.- 2.1 (a-i). An examination of these plots indicate that 
viscosity values increase with increase in concentration of aromatic 
amino acids and decrease with increase in temperature in ail the 
systems under study. The increase in concentration of amino acids 
increases the viscous behaviour of the solution due to an increase in 
number of solute molecules, which causes more frictional resistance 
to the flow, whereas increase in temperature increase the kinetic 
energy of the molecules. This decrease in intermolecular forces 
seems to be responsible for decrease in viscosity with increase in 
temperature. 
The relative viscosity (Tirei), values have been given in Table-
2.2 (a-i). The trend in the variation of relative viscosity values with 
concentration is same as that of viscosity values as apparent from 
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Table 2.1(a); Viscosity, (TI X 10^ Kg m-^  s"') of DL-PhenylaJanine in 
Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution as 
Functions of Concentration and Temperature 
molality y ^ 
moiy^ %^ y^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
%.2191 
8.4049 
8.4908 
8.5706 
8.6567 
308.15 
7.3942 
7.5260 
7.6111 
7.6486 
7.6922 
313.15 
6.6622 
6.7375 
6.7903 
6.8763 
7.0632 
318.15 
6.0737 
6.1093 
6.1449 
6.2434 
6.3491 
323.15 
5.6265 
5.7231 
5.7584 
5.8103 
5.8925 
328.15 
5.1984 
5.2786 
5.3753 
5.4220 
5.5012 
Table 2.1(b): Viscosity, (TJ X 10^ Kg m"' s"') of L-Tryptophan in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'' / ^ 
/ / T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
8.1944 
8.2509 
8.3313 
8.4189 
8.5146 
308.15 
7.3800 
7.4586 
7.5374 
7.6264 
7.7267 
313.15 
6.7024 
6.7875 
6.8749 
6.9662 
7.0512 
318.15 
6.1139 
6.1584 
6.2571 
6.2872 
6.3474 
323.15 
5.6276 
5.7035 
5.7873 
5.8464 
5.9607 
328.15 
5.1994 
5.2812 
5.3796 
5.4776 
5.5753 
Table 2.1(c): Viscosity, (TI X 10^ Kg m'^  s"') of L-Tyrosine in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg* > ^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
8.1707 
8.2430 
8.3313 
8.4356 
8.5242 
308.15 
7.3808 
7.4508 
7.5217 
7.6398 
7.6953 
313.15 
6.6635 
6.7176 
6.7873 
6.8883 
6.9739 
318.15 
6.1062 
6.1738 
6.2575 
6.3414 
6.4248 
323.15 
5.6123 
5.7106 
5.7938 
5.8309 
5.9299 
328.15 
5.1688 
5.2358 
5.3178 
5.4009 
5.4837 
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Viscosity vs. Concentration of DL-Phenylalanine in Phosphate Buffer 
pH 6 + 0.1 m Aqueous Urea Solution at Different Temperatures 
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Viscosity vs. Concentration of L-Tryptophan In Phosphate Buffer pH 6 
+ 0.1 m Aqueous Urea Solution at Different Temperatures 
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Table 2.1(d): Viscosity, (TI X 10^ Kg m' s*) of DL-Phenylalanine in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution as 
Functions of Concentration and Temperature 
molality y^ 
mol kg"' /''^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
8.1647 
8.2504 
8.3204 
8.4064 
8.4925 
308.15 
7.2994 
7.3680 
7.4680 
7.5368 
7.6214 
313.15 
6.6329 
6.7006 
6.7839 
6.8674 
6.9510 
318.15 
6.0465 
6.0822 
6.1641 
6.2462 
6.3284 
323.15 
5.5700 
5.6361 
5.7023 
5.7840 
5.8658 
328.15 
5.1580 
5.2380 
5.3047 
5.3860 
5.4673 
Table 2.1(e): Viscosity, (TI X 10^ Kg m'' s") of L-Tryptophan in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg' / ^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
8.1505 
8.2395 
8.3438 
8.4332 
8.5219 
308.15 
7.3165 
7.3881 
7.4590 
7.5780 
7.6493 
313.15 
6.6342 
6.7202 
6.8213 
6.9076 
7.0404 
318.15 
6.0773 
6.1321 
6.2418 
6.3316 
6,4313 
323.15 
5.6173 
5.6549 
5.8000 
5.8688 
5.9526 
328.15 
5.1898 
5.2422 
5.3403 
5.4084 
5.5009 
Table 2.1(0: Viscosity, (T] X 10^ Kg m"' s"') of L-Tyrosine in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y/^ 
mol kg* /''^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
8.1822 
8.2704 
8.3429 
8.4474 
8.5361 
308.15 
7.3322 
7.4187 
7.4897 
7.5922 
7.6635 
313.15 
6.6498 
6.9563 
6.8206 
6.9218 
7.0077 
318.15 
6.0939 
6.1623 
6.2616 
6.3612 
6.4145 
323.15 
5.6327 
5.7006 
5.8148 
5.8830 
5.9514 
328.15 
5.2358 
5.3031 
5.4167 
5.4844 
5.5675 
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Viscosity vs. Concentration of DL-Phenylalanine in Phosphate Buffer pH 7 + 
0.1 m Aqueous Urea Solution at Different Temperatures 
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Table 2.1(g): Viscosity, (T] X lO'', Kg m"' s'*) of DL-Phenylalanine in 
Phosphate Buffer pH 8 + 0.1 m Aqueous Urea Solution as 
Functions of Concentration and Temperature 
molality y^ 
mol kg'*^/ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
8.1593 
8.2132 
8.3146 
8.3853 
8.5021 
308.15 
1.2961 
7.3808 
7.4493 
7.5336 
7.6180 
313.15 
6.6911 
6.7900 
6.8578 
6.9569 
7.0547 
318.15 
6.0779 
6.1443 
6.2415 
6.3389 
6.4209 
323.15 
5.5258 
5.6211 
5.7167 
5.8123 
5.8778 
328.15 
5.1147 
5.1789 
5.2732 
5.3526 
5.4322 
Table 2.1(h): Viscosity, {i\ x 10^ Kg m"' s"*) of L-Tryptophan in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol V%^y^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
8.1451 
8.2331 
8.3213 
8.5046 
8.6717 
308.15 
7.2982 
7.3845 
7.4709 
7.5576 
7.7221 
313.15 
6.6925 
6.7934 
6.8945 
6.9646 
7.1435 
318.15 
6.0639 
6.1628 
6.2465 
6.3459 
6.5064 
323.15 
5.5572 
5.6088 
5.7213 
5.8036 
5.8708 
328.15 
5.1157 
5.1965 
5.2925 
5.3736 
5.4393 
Table 2.1(i): Viscosity, (TI X lO'*, K^ m'^  s*^ ) of L-Tyrosine in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y' 
mol V%^y^ 
y^ Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
8.1609 
8.2331 
8.3388 
8.4263 
8.5149 
308.15 
7.2982 
7.3845 
7.4560 
7.5583 
7.6295 
313.15 
6.7081 
6.7935 
6.8952 
6.9653 
7.0667 
318.15 
6.0792 
6.1782 
6.2472 
6.3465 
6.4306 
323.15 
5.5420 
5.6391 
5.7218 
5.8042 
5.8714 
328.15 
5.1007 
5.1965 
5.2780 
5.3559 
5.4555 
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"^' 9 
E g.8 
2?5 
^ 
• • • • — " 
^ • — • - • • 
S • • * - • • 
001 0.03 0.05 ao7 0.09 
•303.15 •308.15 313.15 -»<-318.15 •323.15 •328.15 
Figure- 2.1 (g) 
'(0 9 
s 
| 4 
Viscosity vs. Concentration of L-Tryptoplian in Ptiosphate Buffer pH 8 ••• 
0.1 nt Aqueous Urea Solution at Different Temperatures 
• - • -^ ' 
, _ . • • - • 
i i i » — * 
0.01 0.03 0.05 0.07 0.09 
-303.15 -308.15 313.15 -318.15 -323.15 -328.15 
Figure-2.1 (h) 
c^o 9 -
'^ a 
| 6 
. ^ 5 
8 | 4 . 
Vtocosity vs. Concentration of L-Tyrosine In Ptiosphate Buffer pH 4 
m Aqueous Urea Solution at Different Temperatures 
m. m • -
• —• • 
• - •• 
B— — • • 
X - X X ^ 
^ ^ — • • 
0.01 0.03 0.05 0.07 
- • - 3 0 3 . 1 5 - • - 308 .15 313.15 -M-318.15 -«-323.15 • 
+ 0.1 
• 
X 
K 
009 
- • -328.15 
Figure-2.1 (i) 
92 
Table 2.1. The relative viscosity, which is an intrinsic property, 
depends mainly on the nature of the dissolved ions/molecules and 
their quantity. Inspection of Table 2.2(a-i) reveals a gradual 
increase in the values of relative viscosity with increase in 
concentration of amino acids, showing increase in interactions 
(solute-solute and solute-solvent) among the components while no 
definite trend is shown with temperature. 
Specific Viscosity, r|sp, which represents the relative increase 
in viscosity, is calculated using equation (ii) and its values are 
listed in Table 2.3 (a-i). These values are found to increase with 
increase in composition of the said system, while no regular pattern 
is found with temperature. Reduced Viscosity values also decrease 
with concentration of the solute, while irregular behaviour is found 
with variation in temperature [Fig. 2.4(a-i)]. 
B-coefficient is an adjustable parameter, which may be either 
positive or negative, and it is a measure of the effective 
hydrodynamic volume of solvated ions/molecules, which accounts 
for the solute-solvent interactions. It is also known as a measure of 
order or disorder introduced by the solute into the solvent. 
A comparison of the viscosity B-coefficients for aromatic 
amino acids at different pH (6 to 8) with aqueous urea solution is 
given in Table-2.5. Though there is no general treatment for 
comparing the viscosity B-coefficient at different pH values, a 
number of attempts have been made in terms of "structure making" 
and "structure breaking" tendencies of solute ions/molecules. 
B-coefficients are positive for non-electrolytes and either 
positive or negative for electrolytes. B-coefficients measure the 
structural modification induced by solute-solvent interactions. '^ ''"^^^ 
The increase in concentration of solute in solutions contributes 
positively to the viscosity B-coefficient. On the other hand, the 
breaking of the solvent structure by solute causes decrease in the 
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Table 2.2(a): Relative Viscosity iirct of DL-Phenylalanine in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg* / ^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0159 
1.0313 
1.0418 
I.05I6 
1.0622 
308.15 
1.0160 
1.0342 
1.0459 
\.Q5\Q 
1.0570 
313.15 
1.0034 
1.0148 
1.0227 
1.0357 
1.0509 
318.15 
1.0036 
1.0095 
1.0154 
1.0317 
1.0492 
323.15 
1.0150 
1.0325 
1.0388 
1.0482 
1.0630 
328.15 
1.0102 
1.0258 
1.0446 
1.0533 
1.0691 
Table 2.2(b): Relative Viscosity iirei of L-Tryptophan in Phosphate Buffer 
pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'* / ^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0054 
1.0124 
1.0222 
1.0330 
1.0447 
308.15 
1.0141 
1.0249 
1.0357 
1.0480 
1.0617 
313.15 
1.0095 
1.0223 
1.0355 
1.0492 
1.0620 
318.15 
1.0103 
1.0177 
1.0340 
1.0390 
1.0489 
323.15 
1.0152 
1.0289 
1.0441 
1.0547 
1.0753 
328.15 
1.0104 
1.0263 
1.0455 
1.0645 
1.0835 
Table 2.2(c): Relative Viscosity rird of L-Tyrosine in Phosphate Buffer 
pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"* >/ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0025 
1.0114 
1.0222 
1.0350 
1.0459 
308.15 
1.0142 
1.0238 
1.0336 
1.0498 
1.0574 
313.15 
1.0037 
1.0118 
1.0223 
1.0375 
1.0504 
318.15 
1.0090 
1.0202 
1.0340 
1.0479 
1.0617 
323.15 
1.0125 
1.0302 
1.0452 
1.0519 
1.0698 
328.15 
1.0045 
1.0175 
1.0334 
1.0496 
1.0657 
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Table 2.2(d): Relative Viscosity T]rei of DL-Phenylalanine in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg* x/^ 
/ / T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0102 
1.0208 
1.0295 
1.0401 
1.0508 
308.15 
1.0091 
1.0185 
1.0324 
1.0419 
1.0536 
313.15 
1.0099 
1.0202 
1.0329 
1.0456 
1.0583 
318.15 
1.0081 
1.0140 
1.0277 
1.0414 
1.0551 
323.15 
1.0060 
1.0179 
1.0299 
1.0446 
1.0594 
328.15 
1.0034 
1.0189 
1.0319 
1.0477 
1.0636 
Table 2.2(e): Relative Viscosity Tirei of L-Tryptophan in Phosphate Buffer 
pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"' /"'^  
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0084 
1.0194 
1.0323 
1.0434 
1.0544 
308.15 
1.0114 
1.0213 
1.0311 
1.0476 
1.0574 
313.15 
1.0101 
1.0232 
1.0386 
1.0517 
1.0719 
318.15 
1.0132 
1.0224 
1.0407 
1.0556 
1.0722 
323.15 
1.0145 
1.0213 
1.0475 
1.0599 
1.0750 
328.15 
1.0096 
1.0198 
1.0389 
1.0521 
1.0701 
Table 2.2(f): Relative Viscosity iirei of L-Tyrosine in Phosphate Buffer 
pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol V%^y^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0123 
1.0233 
1.0322 
1.0452 
1.0561 
— . 
308.15 
1.0136 
1.0256 
1.0354 
1.0495 
1.0594 
313.15 
1.0125 
1.0278 
1.0385 
1.0539 
1.0669 
318.15 
1.0160 
1.0274 
1.0440 
1.0606 
1.0695 
323.15 
1.0173 
1.0295 
1.0502 
1.0625 
1.0748 
328.15 
1.0185 
1.0316 
1.0532 
1.0669 
1.0831 
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Table 2.2(g): Relative Viscosity Ti^ d of DL-Phenylalanine in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y"^ 
mol kg'* v ^ 
y^ Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0043 
1.0109 
1.0234 
1.0321 
1.0465 
308.15 
1.0025 
1.0141 
1.0235 
1.0351 
1.0467 
313.15 
1.0122 
1.0271 
1.0374 
1.0524 
1.0672 
318.15 
1.0158 
1.0269 
1.0431 
1.0594 
1.0731 
323.15 
1.0087 
1.0261 
1.0435 
1.0610 
1.0729 
328.15 
1.0093 
1.0220 
1.0406 
1.0562 
1.0719 
Table 2.2(h): Relative Viscosity rird of L-Tryptophan in Phosphate Buffer 
pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"*^/ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0025 
1.0134 
1.0242 
1.0468 
1.0674 
308.15 
1.0028 
1.0146 
1.0265 
1.0384 
1.0609 
313.15 
1.0124 
1.0276 
1.0429 
1.0535 
1.0806 
318.15 
1.0134 
1.0300 
1.0440 
1.0606 
1.0874 
323.15 
1.0144 
1.0239 
1.0444 
1.0594 
1.0717 
328.15 
1.0095 
1.0254 
1.0444 
1.0604 
1.0733 
Table 2.2(i): Relative Viscosity -rirei of L-Tyrosine in Phosphate Buffer pH 
8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg''^/ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0045 
1.0134 
1.0264 
1.0372 
1.0481 
308.15 
1.0028 
1.0146 
1.0244 
1.0385 
1.0483 
313.15 
1.0147 
1.0276 
1.0430 
1.0536 
1.0690 
318.15 
1.0160 
1.0325 
1.0441 
1.0607 
1.0747 
323.15 
1.0117 
1.0294 
1.0445 
1.0595 
1.0718 
328.15 
1.0065 
1.0254 
1.0415 
1.0575 
1.0765 
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Relative Viscosity vs. Concentration of DL-Phenyialanine in Phosphate 
Buffer pH 8 -•- 0.1 m Aqueous Urea Solution at Different Temperatures 
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Table 2.3(a): Specific Viscosity risp of DL-Phenylalanine in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"^  / ^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.0159 
0.0313 
0.0418 
0.0516 
0.0622 
308.15 
0.0160 
0.0342 
0.0459 
0.0510 
0.0570 
313.15 
0.0034 
0.0148 
0.0227 
0.0357 
0.0509 
318.15 
0.0036 
0.0095 
0.0154 
0.0317 
0.0492 
323.15 
0.0150 
0.0325 
0.0388 
0.0482 
0.0630 
328.15 
0.0102 
0.0258 
0.0446 
0.0533 
0.0691 
Table 2.3(b): Specific Viscosity Tjsp of L-Tryptophan in Phosphate Buffer 
pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"' / ^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.0054 
0.0124 
0.0222 
0.0330 
0.0447 
308.15 
0.0141 
0.0249 
0.0357 
0.0480 
0.0617 
313.15 
0.0095 
0.0223 
0.0355 
0.0492 
0.0620 
318.15 
0.0103 
0.0177 
0.0340 
0.0390 
0.0489 
323.15 
0.0152 
0.0289 
0.0441 
0.0547 
0.0753 
328.15 
0.0104 
0.0263 
0.0455 
0.0645 
0.0835 
Table 2.3(c): Specific Viscosity \\^^ of L-Tyrosine in Phosphate Buffer pH 
6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg' y 
y Temp, (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.0025 
0.0114 
0.0222 
0.0350 
0.0459 
308.15 
0.0142 
0.0238 
0.0336 
0.0498 
0.0574 
313.15 
0.0037 
0.0118 
0.0223 
0.0375 
0.0504 
318.15 
0.0090 
0.0202 
0.0340 
0.0479 
0.0617 
323.15 
0.0125 
0.0302 
0.0452 
0.0519 
0.0698 
328.15 
0.0045 
0.0175 
0.0334 
0.0496 
0.0657 
tufisis 
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Table 2.3(d): Specific Viscosity Ti^ p of DL-Phenylalanine in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"* / ^ 
y^ Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.0102 
0.0208 
0.0295 
0.0401 
0.0507 
308.15 
0.0091 
0.0185 
0.0324 
0.0419 
0.0536 
313.15 
0.0099 
0.0202 
0.0329 
0.0456 
0.0583 
318.15 
0.0081 
0.0140 
0.0277 
0.0414 
0.0551 
323.15 
0.0060 
0.0179 
0.0299 
0.0446 
0.0594 
328.15 
0.0034 
0.0189 
0.0319 
0.0477 
0.0636 
Table 2.3(e): Specific Viscosity Tisp of L-Tryptophan in Phosphate Buffer 
pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y ^ 
molv%^ y^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.0084 
0.0194 
0.0323 
0.0434 
0.0544 
308.15 
0.0114 
0.0213 
0.0311 
0.0476 
0.0574 
313.15 
0.0101 
0.0232 
0.0386 
0.0517 
0.0719 
318.15 
0.0132 
0.0224 
0.0407 
0.0556 
0.0722 
323.15 
0.0145 
0.0213 
0.0475 
0.0599 
0.0750 
328.15 
0.0096 
0.0198 
0.0389 
0.0521 
0.0701 
Table 2.3(f): Specific Viscosity T]sp of L-Tyrosine in Phosphate Buffer pH 7 
+ 0.1 m Aqueous Urea Solution as Functions of Concentration 
and ' 
j molality y ^ 
\ mol kg'' y ^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
Femperai 
303.15 
0.0123 
0.0233 
0.0322 
0.0452 
0.0561 
ture 
308.15 
0.0136 
0.0256 
0.0354 
0.0495 
0.0594 
313.15 
0.0125 
0.0278 
0.0385 
0.0539 
0.0669 
318.15 
0.0160 
0.0274 
0.0440 
0.0606 
0.0695 
323.15 
0.0173 
0.0295 
0.0502 
0.0625 
0.0748 
328.15 
0.0185 
0.0316 
0.0537 
0.0669 
0.0831 
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Table 2.3(g): Specific Viscosity Tisp of DL-Phenylalanine in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'* / '^ 
XTemjp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.0043 
0.0109 
0.0234 
0.0321 
0.0465 
308.15 
0.0025 
0.0141 
0.0235 
0.0351 
0.0467 
313.15 
0.0122 
0.0271 
0.0374 
0.0524 
0.0672 
318.15 
0.0158 
0.0269 
0.0431 
0.0594 
0.0731 
323.15 
0.0087 
0.0261 
0.0435 
0.0610 
0.0729 
328.15 
0.0093 
0.0220 
0.0406 
0.0562 
0.0719 
Table 2.3(h): Specific Viscosity risp of L-Tryptophan in Phosphate Buffer 
pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"' / ^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.0025 
0.0134 
0.0242 
0.0467 
0.0674 
308.15 
0.0028 
0.0146 
0.0265 
0.0384 
0.0609 
313.15 
0.0124 
0.0276 
0.0429 
0.0535 
0.0806 
318.15 
0.0134 
0.0300 
0.0440 
0.0606 
0.0874 
323.15 
0.0144 
0.0239 
0.0444 
0.0594 
0.0717 
328.15 
0.0095 
0.0254 
0.0444 
0.0604 
0.0733 
Table 2.3(i): Specific Viscosity Ti,p of L-Tyrosine in Phosphate Buffer pH 8 
+ 0.1 m Aqueous Urea Solution as Functions of Concentration 
and Temperature 
molality y^ 
mol V%^ y^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.0045 
0.0134 
0.0264 
0.0372 
0.0481 
308.15 
0.0028 
0.0146 
0.0244 
0.0385 
0.0483 
313.15 
0.0147 
0.0276 
0.0430 
0.0536 
0.0689 
318.15 
0.0160 
0.0325 
0.0441 
0.0607 
0.0747 
323.15 
0.0117 
0.0294 
0.0445 
0.0595 
0.0718 
328.15 
0.0065 
0.0254 
0.0415 
0.0575 
0.0765 
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Table 2.4(a): Reduced Viscosity (tired, ml gm"') of DL-Phenylalanine in 
Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution as 
Functions o1 
molality y ^ 
mol kg"' v ^ 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.5911 
1.0426 
0.8363 
Qimil 
0.6908 
Concentration anc 
308.15 
1.6042 
1.1387 
0.9171 
0.7286 
0.6333 
313.15 
0.3448 
0.4930 
0.4557 
0.5100 
0.5300 
Temperature 
318.15 
0.3645 
0.3176 
0.3084 
0.4527 
0.5462 
323.15 
1.0544 
1.0824 
0.7770 
0.6888 
0.7005 
328.15 
1.0233 
0.8606 
0.8922 
0.7618 
0.7676 
Table 2.4(b): Reduced Viscosity (tired, ml gm"') of L-Tryptophan in 
Phosphate Buffer pH 6 + 0.1 m Aqueous Urea Solution as 
Functions of Concentration and Temperature 
molality y^ 
mol k g ' ^ / 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.5449 
0.4127 
0.4448 
0.4713 
0.4970 
308.15 
1.4097 
0.8299 
0.7143 
0.6850 
0.6860 
313.15 
0.9498 
0.7442 
0.7098 
0.7033 
0.6893 
318.15 
1.0287 
0.5884 
0.6804 
0.5569 
0.5437 
323.15 
1.5249 
0.9648 
0.8811 
0.7817 
0.8371 
328.15 
1.0438 
0.8779 
0.9091 
0.9215 
0.9277 
Table 2.4(c): Reduced Viscosity (iired, ml gm'^) of L-Tyrosine in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg ' X 
/ ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.2540 
0.3803 
0.4448 
0.5005 
0.5101 
308.15 
1.4199 
0.7940 
0.6713 
0.7113 
0.6380 
313.15 
0.3650 
0.3929 
0.4457 
0.5357 
0.5599 
318.15 
0.9019 
0.6729 
0.6804 
0.6840 
0.6852 
323.15 
1.2483 
1.0075 
0.9046 
0.7420 
0.7753 
328.15 
0.4494 
0.5838 
0.6687 
0.7085 
0.7299 
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Reduced Viscosity vs Concentration of DL-Piienyialanine in Phosphate 
Buffer pl^  6 -f 0.1 m Aqueous Urea Solution at Different Temperatures 
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Table 2.4(d): Reduced Viscosity (Ti„d, ml gm"') of DL-Phenylalanine in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution as 
Functions of Concen 
molality y^ 
mol kg" y^ 
^ / ^ T e m p . (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.0188 
0.6931 
0.5891 
0.5121 
0.5638 
308.15 
0.9062 
0.6180 
0.6474 
0.5983 
0.5953 
tration anc 
313.15 
0.9884 
0.6728 
0.6575 
0.6512 
0.6479 
Temperat 
318.15 
0.8098 
0.4681 
0.5541 
0.5912 
0.6121 
ure 
323.15 
0.5961 
0.5954 
0.5970 
0.6372 
0.6598 
328.15 
0.4390 
0.6313 
0.6386 
0.6819 
0.7061 
Table 2.4(e): Reduced Viscosity (rired? nil gm"*) of L-Tryptophan in 
Phosphate Buffer pH 7 + 0.1 m Aqueous Urea Solution as 
Functions of Concentration and Temperature 
molality y^ 
mol kg"' / ^ 
y^ Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.8433 
0.6482 
0.6468 
0.6200 
0.6042 
308.15 
1.1431 
0.7107 
0.6226 
0.6797 
0.6381 
313.15 
1.0087 
0.7724 
0.7712 
0.7387 
0.7991 
318.15 
1.3228 
0.7454 
0.8131 
0.7945 
0.8027 
323.15 
1.4502 
0.7098 
0.9499 
0.8560 
0.8339 
328.15 
0.9566 
0.6587 
0.7771 
0.7443 
0.7787 
.-u Table 2.4(f): Reduced Viscosity (Tired» ™1 gm") of L-Tyrosine in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"' / ' ^ 
y^ Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
1.2349 
0.7755 
0.6448 
0.6451 
0.6238 
308.15 
1.3596 
0.8518 
0.7073 
0.7077 
0.6600 
313.15 
1.2458 
0.9273 
0.7691 
0.7696 
0.7438 
318.15 
1.5998 
0.9132 
0.8792 
0.8651 
0.7717 
323.15 
1.7281 
0.9846 
1.0035 
0.8928 
0.8315 
328.15 
1.8527 
1.0539 
1.0743 
0.9553 
0.9228 
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Reduced Viscosity vs Concentration of DL-Phenylalanine in Phosphate 
Buffer pH 7 •)• 0.1 m Aqueous Urea Solution at Different Temperatures 
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Table 2.4(g): Reduced Viscosity (rircd, ml gm') of DL-Phenylalanine in 
Phosphate Buffer pH 8 + 0.1 m Aqueous Urea Solution as 
Fun 
molality y^ 
mol kg"^  / ^ 
XTemp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
ctions of 
303.15 
0.4286 
0.3642 
0.4682 
0.4587 
0.5165 
Concent 
308.15 
0.2549 
0.4699 
0.4703 
0.5013 
0.5188 
tration and 
313.15 
1.2172 
0.9041 
0.7476 
0.7481 
0.7463 
Temperat 
318.15 
1.5794 
0.8961 
0.8625 
0.8485 
0.8124 
ure 
323.15 
0.8695 
0.8701 
0.8708 
0.8715 
0.8105 
328.15 
0.9284 
0.7317 
0.8113 
0.8034 
0.7993 
Table 2.4(h): Reduced Viscosity (rired* ml g™ ) of L-Tryptophan in 
Phosphate Buffer pH 8 + 0.1 m Aqueous Urea Solution as 
Functions of Concentration and Temperature 
molality y^ 
molv%^ y^ 
X Temp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.2545 
0.4459 
0.4846 
0.6686 
0.7484 
308.15 
0.2750 
0.4869 
0.5297 
0.5484 
0.6777 
313.15 
1.2376 
0.9213 
0.8586 
0.7648 
0.8955 
318.15 
1.3433 
0.9989 
0.8793 
0.8652 
0.9711 
323.15 
1.4427 
0.7952 
0.8876 
0.8487 
0.7965 
328.15 
0.9488 
0.8477 
0.8874 
0.8626 
0.8149 
Table 2.4(i): Reduced Viscosity (Tired» ml gm') of L-Tyrosine in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
molality y^ 
molVig^ y^ 
yjemp. (K) 
0.01 
0.03 
0.05 
0.07 
0.09 
303.15 
0.4488 
0.4459 
0.5276 
0.5308 
0.5339 
308.15 
0.2750 
0.4869 
0.4887 
0.5499 
0.5363 
313.15 
1.4730 
0.9213 
0.8607 
0.7663 
0.7666 
318.15 
1.5999 
1.0845 
0.8814 
0.8667 
0.8303 
323.15 
1.1662 
0.9796 
0.8898 
0.8502 
0.7977 
328.15 
0.6528 
0.8477 
0.8302 
0.8217 
0.8504 
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Reduced Viscosity vs Concentration of DL-Phenylalanine in Phosphate 
Buffer pH 8 •«• 0.1 m Aqueous Urea Solution at Different Temperatures 
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viscosity. This contributes negatively to the B-coefficient. Thus, B-
coefficient is the resultant of these two opposite forces.' 
Therefore, the molecules/ions exhibiting negative B-coefficient 
have been assumed to exert a structure-breaking effect on the 
solvent, while the molecules/ions with positive B-coefficient exert 
a structure-making effect on the solvent. 
In the present case, DL-phenylalanine, L-tryptophan and L-
tyrosine have aromatic side chains. Phenylalanine contains a 
benzene ring, tyrosine a phenol group, and tryptophan the 
heterocyclic structure, indole. In each case the aromatic moiety is 
attached to the a-carbon through a methylene (-CH2-) carbon. It is 
found that in determining the viscosity of amino acid solutions, the 
charge distribution is less important than the size and structure of 
the hydrocarbon chain. Due to the large size and non-electrolytic 
nature, all amino acids, irrespective of the structure, show 
significant positive core contribution to the B-coefficient, which 
exceeds any negative contribution. All the dipolar molecules 
including amino acids will exhibit a positive B-coefficient. 
Therefore, the sign of dB/dT appears to be a more straight forward 
indicator of the structure breaking or making ability than the sign 
or the size of the B-coefficient.''^' dB/dT has been plotted in fig. 
(2.5) for the three aromatic amino acids at pH 7 in order to compare 
the effects of these solutes on the structure of solvent. 
Structure breaking effect of urea on water competes with 
structure making effect of Phenylalanine due to its hydrophobic 
aromatic side chain, which stabilizes the structure of solvent 
(water) through hydrophobic interactions and the former is found to 
dominate as shown by positive dB/dT values. But these two 
opposite effects from urea and Phenylalanine are not much different 
in magnitude as shown by small positive slope [Fig.- 2.5 (a)]. 
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Table 2.5 (a): B-Coefficient (dm^ mol"') of DL-Phenylalanine in Phosphate 
Buffer + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. (K) 
pH6 
pH7 
pH8 
303.15 
0.5645 
0.5025 
0.5280 
308.15 
0.4940 
0.5620 
0.5470 
313.15 
0.5775 
0.6110 
0.6765 
318.15 
0.5665 
0.6070 
0.7355 
323.15 
0.5585 
0.6675 
0.8165 
328.15 
0.7265 
0.7460 
0.7970 
Table 2.5 (b): B-Coefficient (dm^ mol') of L-Tryptophan in Phosphate 
Buffer + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. (K) 
pH6 
pH7 
pH8 
303.15 
0.4960 
0.5800 
0.8160 
308.15 
0.5915 
0.5915 
0.7000 
313.15 
0.6595 
0.7605 
0.8115 
318.15 
0.4925 
0.7560 
0.8930 
323.15 
0.7300 
0.7980 
0.7505 
328.15 
0.9220 
0.7665 
0.8130 
Table 2.5 (c): B-Coefficient (dm^ mol"') of L-Tyrosine in Phosphate Buffer 
+ 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. (K) 
pH6 
pH7 
pH8 
303.15 
0.5520 
0.5475 
0.5550 
308.15 
0.5620 
0.5775 
0.5745 
313.15 
0.5955 
0.6745 
0.6730 
318.15 
0.6655 
0.7010 
0.7280 
323.15 
0.6815 
0.7400 
0.7515 
328.15 
0.7725 
0.8225 
0.8605 
B-Coefflclent vs. Temperature of OL-Phenylalanine in Phosphate Buffer pH 
7 + 0.1 m Aqueous Urea Solution 
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The ' B ' values for tyrosine in aqueous urea solution increase 
with increase in temperature, which shows that the structure 
breaking effect of urea and the same effect of polar side chain 
(involved in hydrogen bonding with water, results in breaking of 
solvent structure) of tyrosine complement each other thus giving 
positive dB/dT values [Fig.- 2.5 (b)]. The positive dB/dT values of 
tryptophan-water-urea system also indicate the prominent structure 
breaking effect of tryptophan due to the presence of indole ring, 
which is enhanced by the structure breaking effect of urea as shown 
in the Fig.- 2.5 (c). 
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CHAPTER-III 
THERMODYNAMIC PROPERTIES OF 
AROMATIC AMINO ACWS IN 
PHOSPHATE BUFFER pH (6-8) IN 
AQUEOUS UREA SOLUTIONS 
INTRODUCTION: 
Data on the thermodynamic and transport properties of amino acids in 
aqueous phase play a key role in the optimization and design of both currently 
used and proposed industrial processes of biochemistry. On the other hand, 
amino acids have been quite useful as models for understanding the 
thermodynamic behaviour and the rate of solvation of peptides and proteins in 
solution, especially in deriving simple additive schemes for the prediction of 
the properties of biochemical systems. 
The thermodynamic stability of the native structure of proteins has 
provided one of the great challenges in biochemistry and currently remains the 
subject of extensive investigation.''' In an idealistic approach, the 
thermodynamic information would be obtained by measuring the change 
associated with the unfolding of the protein, from its native state to a reference 
state. The latter should be independent of the initial state of the protein. 
Presumably, a suitable reference state would be one where the protein is 
extended in such a way that there remains minimal interaction between amino 
acids side chains and each constituent amino acid is optimally accessible to the 
solvent. An obvious obstacle to this simple procedure, however, is that known 
means of inducing protein unfolding (temperature, addition of chemicals, 
change in pH, etc.), usually do not lead to the required well defined final 
state.'''^' In the case of chemical denaturation, further complication arises, since 
the comparison of initial and final state reflects thermodynamic change due to 
the changes in solvent composition as well as from the protein structural 
modifications. 
Corradini et al.'^' and Palepu''*' have calculated the various 
thermodynamic parameters of activation of viscous flow by least squares fitting 
the density and the viscosity data to empirical equations stating their 
dependence on temperature and composition of the mixture. Palepu et al. ''*' 
calculated such thermodynamic parameters for the binary acid-base mixtures. 
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while Corradini and coworkers,'^' obtained these for the binary mixtures of 
alcohols and amides. 
The present study has been carried out to calculate the thermodynamic 
parameters for aromatic amino acids in phosphate buffer, pH (6-8) in aqueous 
urea solution, which suggest the type and strength of interactions between the 
components of mixture. 
THEORY: 
The energies of activation of the viscous flow AG* were calculated by 
using the Eyring viscosity equation.'^ ^ 
n-f-e'^"" —(1) 
m 
where h is the Planck's constant, N the Avogadro's number, R the universal 
gas constant, and T the absolute temperature. The term Vm is the molal volume 
of the mixtiu-es, calculated from the corresponding mixture densities using the 
following relation: 
K=^— i= 1.2,3 (2) 
The energies of activation for viscous flow, AG*, at the required 
temperatures are also obtained by using the equation: 
AG* = AH*-TAS* (3) 
where AH* and AS* are the enthalpy and the entropy of activation of viscous 
flow, respectively. 
By combining equations (1) and (3), we get. 
AG* = RT In 
hN 
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= AH* - TAS* (4) 
TjV ^ 
By plotting RT In-^-^^ vs. T x 10 we found that the plots show a quite 
hN 
linear trend. From these linear plots AH* values have been obtained from the 
slopes, while AS* values from intercepts. 
By putting the values of AH* and AS* in equation (3) we can evaluate 
the free energy of activation AG* at different temperatures. 
RESULTS AND DISCUSSION: 
nV The values of RTln-^ —^ are summarised in Table-3.1 (a-i). The values 
hN 
nV 
of RTln-^ —^ increase with increases in temperature and concentration [Fig.-hN 
3.1 (a-i)], which suggest that the mechanism of viscous flow for these systems 
is a thermally activated single step process. The AH* values are all positive and 
decrease with an increase in concentration of DL-Phenylalanine, L-Tryptophan 
and L-tyrosine. As regards AS* values, these are all negative and decease with 
an increase in concentration of aromatic amino acids [table-3.2]. Different 
values of AS* have been found for different pH values of the aromatic amino 
acid systems. 
A satisfactory elucidation of these facts probably arises from the more 
realistic hypothesis of the flow mechanism by Eyring,'^' which explains the 
flow by movement of dislocations or discontinuities in the fluid layers. In a 
dynamic steady state, and in an oversimplified picture, the movement of a 
dislocation by one layer position requires the cooperation of at least two 
moving elementary units: One is moving out the normal position and requires 
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TabIe-3.1 (a): RTIn (TIV„/ hN) (kJ mol') of DL-Phenylalanine in Phosphate 
BufTer pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature. 
Temp. 
y^ molality 
' 0.303 
0.308 
0.313 
0.318 
0.323 
0.328 
0.01 
16.4687 
16.6174 
16.7719 
16.9362 
17.1160 
17.2899 
0.03 
17.6862 
17.8578 
18.0253 
18.2034 
18.4162 
18.6082 
0.05 
18.2553 
18.4374 
18.6104 
18.7957 
19.0182 
19.2337 
0.07 
18.6326 
18.8161 
19.0035 
19.1991 
19.4199 
19.6410 
0.09 
18.9176 
19.1001 
19.4027 
19.5059 
19.7283 
19.9548 
Table-3.1 (b): RTIn {v(SlJ hN) (kJ mol"') for L-Tryptophan in Phosphate 
Buffer pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. X 10 ^  ( I Q X 
y^ molality 
y^ niol kg' 
0.303 
0.308 
0.313 
0.318 
0.323 
0.328 
0.01 
16.6893 
16.8509 
17.0182 
17.1870 
17.3634 
17.5411 
0.03 
17.8975 
18.0832 
18.2728 
18.4556 
18.6589 
18.8595 
0.05 
18.4658 
18.6618 
18.8630 
19.0591 
19.2702 
19.4849 
0.07 
18.8442 
19.0475 
19.2573 
19.4497 
19.6734 
19.9035 
0.09 
19.1305 
19.3406 
19.5539 
19.7481 
19.9878 
20.2208 
Table-3.1 (c): RTIn {v^J hN) (kJ mol') for L-Tyrosine in Phosphate Buffer 
pH 6 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. X 10 ^  ( K ) X 
y^ molality 
y ^ mol kg* 
0.303 
0.308 
0.313 
0.318 
0.323 
0.328 
0.01 
16.5551 
16.7178 
16.8764 
17.0481 
17.2206 
17.3924 
0.03 
17.7655 
17.9490 
18.1259 
18.3210 
18.5208 
18.7074 
0.05 
18.3348 
18.5264 
18.7136 
18.9218 
19.1322 
19.3296 
0.07 
18.7165 
18.9167 
19.1093 
19.3221 
19.5307 
19.7450 
0.09 
19.0005 
19.2036 
19.4061 
19.6245 
19.8422 
20.0593 
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RTIn ^^VJ hN) vs. TxlO' of DL-Phenylalanine in Phosphate Buffer 
pH 6 + Aqueous Urea Solution for Different Concentrations 
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Figure- 3.1 (a) 
RTIn (nVm/ hN) vs. 1x10"' of L-Tryptophan In Phosphate Buffer pH 6 + 
Aqueous Urea Solution for Different Concentrations 
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Table-3.1 (d): RTIn {j\VJ hN) (kJ mol') for DL-Phenylalanine in Phosphate 
BufTer pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. X 10^ (K)^ 
^y^ molality 
y ^ mol kg'* 
0.303 
0.308 
0.313 
0.318 
0.323 
0.328 
0.01 
16.4519 
16.6007 
16.7639 
16.9274 
17.1000 
17.2758 
0.03 
17.6643 
17.8320 
18.0160 
18.1947 
18.3941 
18.5952 
0.05 
18.2316 
18.4142 
18.6064 
18.7957 
19.0025 
19.2132 
0.07 
18.6101 
18.7977 
18.9996 
19.1963 
19.4106 
19.6288 
0.09 
18.8953 
19.0887 
19.2964 
19.4990 
19.7191 
19.9432 
Table-3.1 (e): RTIn {j\SJ hN) (kJ mol') for L-Tryptophan in Phosphate 
Buffer pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. X 10 ^  ( l O X 
y^ molality 
y ^ mol kg* 
0.303 
0.308 
0.313 
0.318 
0.323 
0.328 
0.01 
16.6818 
16.8391 
17.0036 
17.1769 
17.3570 
17.5341 
0.03 
17.8944 
18.0703 
18.2584 
18.4470 
18.6447 
18.8457 
0.05 
18.4658 
18.6478 
18.8514 
19.0527 
19.2687 
19.4713 
0.07 
18.8442 
19.0383 
19.2465 
19.4540 
19.6735 
19.9008 
0.09 
19.1294 
19.3270 
19.5488 
19.7592 
19.9818 
20.1998 
Tabie-3.1 (Q: RTIn (TiV„y hN) (kJ mol') for L-Tyrosine in Phosphate Buffer 
pH 7 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. X 10 ^  ( 1 0 / 
^ X ^ molality 
y ^ mol kg"' 
0.303 
0.308 
0.313 
0.318 
0.323 
0.328 
0.01 
16.5552 
16.7083 
16.8710 
17.0423 
17.2206 
17.4028 
0.03 
17.7676 
17.9419 
18.1623 
18.3153 
18.5146 
18.7177 
0.05 
18.3350 
18.5194 
18.7161 
18.9189 
19.1322 
19.3465 
0.07 
18.7153 
18.9075 
19.1117 
19.3221 
19.5369 
19.7584 
0.09 
19.0005 
19.1961 
19.4085 
19.6190 
19.8422 
20.0725 
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Table-3.1 (g): RTIn {T]\J hN) (kJ mol') for DL-Phenylalanine in Phosphate 
BufTer pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. X 10 ^ ( l O X 
^ ^ molality 
/ ^ mol kg"' 
0.303 
0.308 
0.313 
0.318 
0.323 
0.328 
0.01 
16.4540 
16.6031 
16.7767 
16.9362 
17.0934 
17.2684 
0.03 
17.6622 
17.8368 
18.0340 
18.2091 
18.3937 
18.5834 
0.05 
18.2337 
18.4142 
18.6216 
18.8128 
19.0081 
19.2088 
0.07 
18.6100 
18.8001 
19.0172 
19.2160 
19.4190 
19.6240 
0.09 
18.8994 
19.0910 
19.3163 
19.5184 
19.7242 
19.9382 
Table-3.1 (h): RTIn {r]\J hN) (kJ mol') for L-Tryptophan in Phosphate 
Buffer pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration anc 
Temp. X 10"^  ( K ) / 
y^ molality 
y^ mol kg'' 
0.303 
0.308 
0.3 ls3 
0.318 
0.323 
0.328 
0.01 
16.6839 
16.8391 
17.0164 
17.1769 
17.3472 
17.5197 
Temperature 
0.03 
17.8964 
18.0727 
18.2737 
18.4556 
18.6379 
18.8381 
0.05 
18.4658 
18.6525 
18.8665 
19.0564 
19.2556 
19.4634 
0.07 
18.8565 
19.0255 
19.2569 
19.4596 
19.6634 
19.8786 
0.09 
19.1517 
19.3406 
19.5732 
19.7757 
19.9686 
20.1894 
Table-3.1 (i): RTIn {riVJ hN) (kJ mol') for L-Tyrosinc in Phosphate Buffer 
pH 8 + 0.1 m Aqueous Urea Solution as Functions of 
Concentration and Temperature 
Temp. X 10 ^  ( K ) ^ X 
^ / ^ molality 
/ ^ mol k g ' 
0.303 
0.308 
0.313 
0.318 
0.323 
0.328 
0.01 
16.5551 
16.7060 
16.8838 
17.0423 
17.2044 
17.3745 
0.03 
17.7655 
17.9396 
18.1385 
18.3211 
18.5046 
18.6963 
0.05 
18.3369 
18.5170 
18.7312 
18.9189 
19.1160 
19.3183 
0.07 
18.7153 
18.9052 
19.1213 
19.3221 
19.5238 
19.7328 
0.09 
19.0005 
19.1939 
19.4208 
19.6245 
19.8290 
20.0510 
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1 - 1 > Table-3.2 (a): Entropy (AS*, kJ mol*) & Enthalpy (AH*, kJ mol') as 
Functions of concentration of Aromatic Amino Acids in 
Phosphate Buffer pH 6 + 0.1 m aqueous urea solutions. 
Molality (mol kg"') AS*, kJ mof' AH*, kJ mole * 
(i) DL-Phenylalanine 
0.01 
0.03 
0.05 
0.07 
0.09 
-32.9491 
-36.9331 
-38.9697 
-40.2800 
-40.9931 
6.4712 
6.4804 
6.4304 
6.4104 
6.5016 
(ii) L-Tryptophan 
0.01 
0.03 
0.05 
0.07 
0.09 
-34.0874 
-38.3994 
-40.6674 
-42.0949 
-43.3560 
6.3537 
6.2562 
6.1369 
6.0817 
5.9848 
(iii) L-Tyrosine 
0.01 
0.03 
0.05 
0.07 
0.09 
-33.5234 
-37.8286 
-39.9977 
-41.1274 
-42.4469 
6.3918 
6.2967 
6.2071 
6.2477 
6.1307 
125 
Table-3.2 (b): Entropy (AS*, kJ mol"') & Enthalpy (AH*, kJ mor') as 
Functions of concentration of Aromatic Amino Acids in 
Phosphate Buffer pH 7 + 0.1 m aqueous urea solutions. 
Molality (mol kg"*) AS*, kJ mol' AH*, kJ mole-' 
(i) DL-Phenylalanine 
0.01 
0.03 
0.05 
0.07 
0.09 
-33.0337 
-37.2543 
-39.2126 
-40.7366 
-41.9046 
6.4311 
6.3623 
6.3390 
6.2548 
6.1861 
(ii) L-Tryptophan 
0.01 
0.03 
0.05 
0.07 
0.09 
-34.2200 
-38.1046 
-40.5229 
-42.2634 
-43.0103 
6.3023 
6.3381 
6.1747 
6.0254 
6.0879 
(iii) L-Tyrosine 
0.01 
0.03 
0.05 
0.07 
0.09 
-33.9783 
-37.8377 
-40.5640 
-41.7949 
-42.9074 
6.2466 
6.2988 
6.0301 
6.0390 
5.9858 
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Table-3.2 (c): Entropy (AS*, kJ mol"*) & Enthalpy (AH*, kJ mol"') as 
Functions of concentration of Aromatic Amino Acids in 
Phosphate Buffer pH 8 + 0.1 m aqueous urea solutions. 
Molality (mol kg'^ ) AS*, kJ mol' AH*, kJ mole-' 
(i) DL-Phenylalanine 
0.01 
0.03 
0.05 
0.07 
0.09 
-32.5851 
-36.8674 
-39.1337 
-40.7171 
-41.6897 
6.5747 
6.4882 
6.3698 
6.2681 
6.2615 
(ii) L-Tryptophan 
0.01 
0.03 
0.05 
0.07 
0.09 
-33.5074 
-37.6343 
-39.9269 
-41.2966 
-41.5714 
6.5256 
6.4888 
6.3631 
6.3277 
6.5507 
(iii) L-Tyrosine 
0.01 
0.03 
1 
0.05 
0.07 
0.09 
-32.8611 
-37.3234 
-39.3811 
-40.8234 
-42.0657 
6.5933 
6.4521 
6.3983 
6.3403 
6.2482 
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Table-3.3 (a): Free energy of activation for viscous flow AG*(kJ mo! ), of 
DL- Phenylalanine in Phosphate buffer pH 6 + 0.1 m 
aqueous urea solution at different concentrations and 
temperatures 
Molality 
(mol Kg-') 
0.01 
0.03 
0.05 
0.07 
0.09 
303 
16.4548 
17.6711 
18.2382 
18.6152 
18.9225 
308 
16.6195 
17.8558 
18.4331 
18.8166 
19.1275 
Temperature (K) 
313 
16.7843 
18.0405 
18.6279 
19.0180 
19.3324 
318 
16.9490 
18.2251 
18.8228 
19.2194 
19.5374 
323 
17.1138 
18.4098 
19.0176 
19.4208 
19.7424 
328 
17.2785 
18.5945 
19.2125 
19.6222 
19.9473 
Table-3.3 (b): Free energy of activation for viscous flow AG*(kJ mol'^ ), of 
L-Tryptophan in Phosphate buffer pH 6 + 0.1 m aqueous 
urea solution at different concentrations and temperatures 
Molality 
(mol Kg-') 
0.01 
0.03 
0.05 
0.07 
0.09 
303 
16.6822 
17.8912 
18.4591 
18.8365 
19.1217 
308 
16.8526 
18.0832 
18.6625 
19.0469 
19.3384 
Temperature (K) 
313 
17.0231 
18.2752 
18.8658 
19.2574 
19.5552 
318 
17.1935 
18.4672 
19.0691 
19.4679 
19.7720 
323 
17.3639 
18.6592 
19.2725 
19.6784 
19.9888 
328 
17.5344 
18.8512 
19.4758 
19.8888 
20.2056 
Table-3.3 (c): Free energy of activation for viscous flow AG*(kJ mof'), of 
L-Tyrosine in Phosphate buffer pH 6 + 0.1 m aqueous urea 
solution at different concentrations and temperatures 
Molality 
(mol Kg-') 
0.01 
0.03 
0.05 
0.07 
0.09 
303 
16.5494 
17.7588 
18.3264 
18.7093 
18.9921 
308 
16.7170 
17.9479 
18.5264 
18.9149 
19.2043 
Temperature (K) 
313 
16.8846 
18.1371 
18.7264 
19.1206 
19.4166 
318 
17.0522 
18.3262 
18.9264 
19.3262 
19.6288 
323 
17.2199 
18.5153 
19.1264 
19.5319 
19.8410 
328 
17.3875 
18.7045 
19.3263 
19.7375 
20.0533 
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Free energy of activation vs temperature of 
OL-Phenyialanine in phosphate buffer pH 6 + Aqueous Urea 
Solution for Different Concentrations 
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TabIe-3.3 (d): Free energy of activation for viscous flow AG*(kJ mol' ), of 
DL- Phenylalanine in Phosphate buffer pH 7 + 0.1 m 
aqueous urea solution at different concentrations and 
temperatures 
Molality 
(mol Kg-') 
0.01 
0.03 
0.05 
0.07 
0.09 
303 
16.4403 
17.6504 
18.2204 
18.5980 
18.8832 
308 
16.6055 
17.8366 
18.4165 
18.8017 
19.0927 
Temperature (K) 
313 
16.7706 
18.0229 
18.6125 
19.0057 
19.3022 
318 
16.9358 
18.2092 
18.8086 
19.2090 
19.5118 
323 
17.1010 
18.3954 
19.0047 
19.4127 
19.7213 
328 
17.2662 
18.5817 
19.2007 
19.6164 
19.9308 
Table-3.3 (e): Free energy of activation for viscous flow AG*(kJ moP ), of 
L-Tryptophan in Phosphate buffer pH 7 + 0.1 m aqueous 
urea solution at different concentrations and temperatures 
Molality 
(mol Kg-') 
0.01 
0.03 
0.05 
0.07 
0.09 
Temperature (K) 
303 
16.6710 
17.8838 
18.4531 
18.8312 
19.1200 
308 
16.8421 
18.0743 
18.6558 
19.0425 
19.3351 
313 
17.0132 
18.2648 
18.8584 
19.2538 
19.5501 
318 
17.1843 
18.4554 
19.0610 
19.4652 
19.7652 
323 
17.3554 
18.6459 
19.2636 
19.6765 
19.9802 
328 
17.5265 
18.8364 
19.4662 
19.8878 
20.1953 
Table-3.3 (f); Free energy of activation for viscous flow AG*(kJ mol"'), of 
L-Tyrosine in Phosphate buffer pH 7 + 0.1 m aqueous urea 
solution at different concentrations and temperatures. 
Molality 
(mol Kg-') 
0.01 
0.03 
0.05 
0.07 
0.09 
303 
16.5420 
17.7636 
18.3210 
18.7029 
18.9867 
308 
16.7119 
17.9528 
18.5238 
18.9118 
19.2013 
Temperature (K) 
313 
16.8818 
18.1420 
18.7266 
19.1208 
19.4158 
318 
17.0517 
18.3312 
18.9295 
19.3298 
19.6304 
323 
17.2216 
18.5204 
19.1323 
19.5388 
19.8449 
328 
17.3915 
18.7096 
19.3351 
19.7477 
20.0594 
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Table-3.3 (g): Free energy of activation for viscous flow AG*(kJ mol"), of 
DL- Phenylalanine in Phosphate buffer pH 8 + 0.1 m 
aqueous urea solution at different concentrations and 
temperatures 
Molality 
(mol Kg-') 
0.01 
0.03 
0.05 
0.07 
0.09 
303 
16.4480 
17.6590 
18.2273 
18.6054 
18.8935 
308 
16.6109 
17.8434 
18.4230 
18.8090 
19.1019 
Temperature (K) 
313 
16.7738 
18.0277 
18.6186 
19.0126 
19.3104 
318 
16.9368 
18.2120 
18.8143 
19.2161 
19.5188 
323 
17.0997 
18.3964 
19.0100 
19.4197 
19.7273 
328 
17.2626 
18.5807 
19.2057 
19.6233 
19.9357 
Table-3.3 (h): Free energy of activation for viscous flow AG*(kJ mol'), of 
L-Tryptophan in Phosphate buffer pH 8 + 0.1 m aqueous 
urea solution at different concentrations and temperatures 
Molality 
(mol Kg') 
0.01 
0.03 
0.05 
0.07 
0.09 
Temperature (K) 
303 
16.6783 
17.8920 
18.4610 
18.8406 
19.1468 
308 
16.8459 
18.0802 
18.6606 
19.0471 
19.3547 
313 
17.0134 
18.2683 
18.8602 
19.2535 
19.5625 
318 
17.1810 
18.4565 
19.0599 
19.4600 
19.7704 
323 
17.3485 
18.6447 
19.2595 
19.6665 
19.9783 
328 
17.5160 
18.8329 
19.4591 
19.8730 
20.1861 
TabIe-3.3 (i): Free energy of activation for viscous flow AG*(kJ mol'), of 
L-Tyrosine in Phosphate buffer pH 8 + 0.1 m aqueous urea 
solution at different concentrations and temperatures 
Molality 
(mol Kg') 
0.01 
0.03 
0.05 
0.07 
0.09 
303 
16.5502 
17.7611 
18.3308 
18.7098 
18.9941 
308 
16.7145 
17.9477 
18.5277 
18.9139 
19.2044 
Temperature (K) 
313 
16.8788 
18.1343 
18.7246 
19.1180 
19.4148 
318 
17.0431 
18.3209 
18.9215 
19.3221 
19.6251 
323 
17.2074 
18.5076 
19.1184 
19.5263 
19.8354 
328 
17.3717 
18.6942 
19.3153 
19.7304 
20.0457 
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energy, and second is moving into this cavity and gives up energy. Therefore, 
the enthalpy of activation of viscous flow could be taken as a measure of the 
cooperation degree between the species taking part in the flow processes. In the 
liquid state, the opportunity of formation of many discontinuities is warranted 
by statistical fluctuations of local densities. In the low temperature range, as 
well as for highly structured components, one may expect a considerable 
degree of order, so that the transport phenomena take place cooperatively; as a 
consequence of which a great heat of activation associated with a relatively 
high value of flow entropy is observed. When the breaking in the ordered 
polymerized fluid structure becomes very quick, by increasing the temperature 
or by changing the pH of a system, then the homopolymer hydrogen bond 
network of the system breaks, and the movement of individual units becomes 
more disordered and the cooperation degree is reduced, facilitating the viscous 
flow via the activated state of molecular species. As a consequence, the over all 
molecular order in the system should be reduced, and a positive AS* values 
should be expected^^l By the denaturation process, the overall molecular 
disorder of the aromatic amino acids increases, and the high value of AS* 
should be expected. 
The values of free energy of activation AG* for viscous flow of aromatic 
amino acid systems are shown in Table-3.3 (a-i). The values of AG* increase 
with increases in temperature and concentration of aromatic amino acids. AG* 
values are found to be unaffected by change in pH, Graphs are plotted between 
the free energy of activation and temperature. Trends are quite linear as shown 
in Fig.-3.3 (a-i). 
In the present system of aromatic amino acids, tyrosine and tryptophan 
are more polar, (oxygen and nitrogen atoms present in their side chains 
respectively) and form hydrogen bonds with water as the hydrogen bonding of 
water is already disrupted due to the presence of urea present as co-solvent, 
thus increasing the solute-solvent interaction in these systems (shown by 
negative -AS* values). The negative AS* values are more pronounced in these 
systems than those of phenylalanine solution as its side chain of Phenylalanine 
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is non-polar (CeHs CH2-) so, more order is found in these systems than that of 
Phenylalanine solution where the main interaction is hydrophobic. With 
increase in the concentration of amino acids, the amoimt of solute-solvent 
interaction increases as shown by increase in negative values of AS*. 
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CHAPTER-IV 
VOLUMETRIC AND ADIABATIC 
COMPRESSIBIUTYBEHAVIOUR OF 
AQUEOUS HEMOGLOBIN SOLUTION IN 
PRESENCE OF DIFFERENT SUGARS 
Introduction 
Compressibility of liquids is an essential physical characteristic 
reflecting intermolecular interactions and dynamic processes occurring in 
solutions. Studies of compressibility of aqueous solutions of proteins started a 
long time ago J'' 
The denaturation and reactions of proteins under the high static pressure 
or ultracentrifugal force have been a matter of concern for many 
investigators.'^ " '^ In such works, the compressibility of native proteins in 
solution has been an indispensable quantity to analyse; the protein 
compressibility in solution has been thus far estimated by following two 
methods. One is the measurement of the partial molal volume of protein in 
solution as a function of pressure by the direct densimetric method'^ ' or 
ultracentrifuge,'^ ' which uses sound velocity measurement with an ultrasonic 
interferometer.'*"'' The compressibility obtained by this technique is adiabatic. 
An important result in these compressibility studies is that globular proteins 
have a positive compressibility while the constitutive amino acids have 
negative ones due to the hydration effect. This result suggests that the 
compressibility of the protein interior is very large. However, it is difficult to 
understand the compressibility of proteins on a molecular level, as few 
compressibility data'^ "'' have been reported, probably due to technical 
difficulties. The partial molal volume of a protein in solution is known to result 
from three contributions.''"' 
i. The constitutive volume estimated as the sum of the constitutive 
atomic or group volumes. 
ii. The volume of the cavity or void in the molecule due to imperfect 
atomic packing. 
iii. The volume change due to solvation or hydration 
Since the constitutive atomic volume should be approximated as 
incompressible, compressibility data of globular proteins in water will produce 
useful information on the internal structure and the hydration structure of 
protein, which are still obscure. Furthermore, such compressibility data should 
136 
present important information to the understanding of the mechanisms of 
pressure induced denaturation or reactions of proteins. 
The contributions of both cavity and hydration to the compressibility 
have been quantitatively analyzed for some globular proteins with appropriate 
assumptions for the hydration term^"l Recently, we have found that the 
compressibility or the volume fluctuation of proteins rather sensitively depends 
on their structural characteristics, such as hydrophobicity, secondary structure, 
or amino acid composition.'^ ^^ However, most compressibility studies have 
been performed under a fixed condition of temperature and solvent 
composition. For a full understanding of the volume-structure relationship of 
globular proteins, further detailed investigations are required on the effect of 
temperature on the compressibility, since such data could be useful for deriving 
the partial molal volume of a protein as functions of temperature and pressure, 
that is, the "equation of state" of protein molecules, which has remained 
unknown. 
Sugar solutions have large effects on the structure and properties of 
proteins including, their solubility and denaturation, etc. In literature, there are 
reports about the effect of sugars on the stability of proteins and enzymes,''^"^°' 
which has also been explained by their effect on the structure of water'^''^^'. 
Despite some information available on the stability of proteins by different 
sugars, the volumetric and compressibility behaviour of aqueous hemoglobin in 
presence of different sugars has not been studied so far. 
Ultrasonic velocity as such does not provide any information about the 
nature and thie relative strength of the various interactions but its derived 
parameters, viz., adiabatic compressibility (Ps), compressibility lowering (APs) 
and relative change (APs/p°) in adiabatic compressibility, specific acoustic 
impedance (Z) and relative association (RA) etc. provide an information about 
the type and extent of intermolecular/interionic interactions among the 
components of a mixture. 
In the present work, the ultrasonic velocities and densities of aqueous 
solutions of hemoglobin in presence of different sugars, viz., D-glucose, 
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D(-)fructose, sucrose and maltose have been measured as functions of 
concentration of sugars (keeping the concentration of aqueous hemoglobin 
solution constant) and temperature, and the parameters mentioned above have 
been calculated in an attempt to investigate the stabilization of hemoglobin in 
presence of different sugars. 
Results and Discussions 
The density data of aqueous hemoglobin solutions with different sugars 
viz. D-glucose, D(-)fructose, sucrose and maltose are listed in Table-4.1 (a-d), 
as functions of concentration and temperature. The density values have been 
found to exhibit the usual decrease with an increase in temperature and increase 
with increase in concentration as shown in Fig.-4.1 (a-d). 
The ultrasonic velocities of aqueous hemoglobin solution with different 
sugars are listed in Table-4.2 (a-d) at several temperatures for each of the 
composition studied. The ultrasonic velocities in these solutions are plotted 
against concentration at various temperatures Fig.-4.2 (a-d). The plots show the 
increase in the values of ultrasonic velocity with increase in temperature as 
well as concentration of different sugars in their respective systems. This 
increase may be attributed to an increase in the intermolecular interactions with 
increases in temperature and concentration. 
The adiabatic compressibility, Ps is calculated employing the data of 
sound velocity, u, and the density 'd' using the following Laplace equation. 
A=l/u'd (i) 
The adiabatic compressibility, Ps. obtained from equation [i] decreases with 
increase in temperature TabIc-4.3 (a-d) and composition Fig.-4.3 (a-d). The 
decrease in compressibility with increase in thermal breaking of the solvent 
components, which, in turn results in greater attractive forces among the 
molecules of a solution. Decrease in the ps values with increase in composition 
is due to greater attractive forces among the molecules of a liquid. 
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Table- 4.1 (a) Densities p (gm cm"') of D-Glucose-Hemoglobin-Water 
Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg' /''^ 
/ X e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.0030 
1.0050 
1.0062 
1.0080 
1.0092 
308.15 
1.0010 
1.0028 
1.0042 
1.0060 
1.0074 
313.15 
0.9990 
1.0008 
1.0022 
1.0040 
1.0054 
318.15 
0.9970 
0.9988 
1.0004 
1.0020 
1.0036 
323.15 
0.9950 
0.9968 
0.9984 
1.0000 
1.0016 
328.15 
0.9930 
0.9950 
0.9964 
0.9980 
0.9996 
.-3^ Table- 4.1 (b) Densities p (gm cm' ) of D(-)Fructose -Hemoglobin-
Water Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol ^'g^ y^ 
XTamxi. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.0018 
1.0040 
1.0056 
1.0078 
1.0092 
308.15 
0.9998 
1.0018 
1.0036 
1.0056 
1.0072 
313.15 
0.9976 
0.9998 
1.0016 
1.0036 
1.0052 
318.15 
0.9956 
0.9976 
0.9994 
1.0014 
1.0032 
323.15 
0.9936 
0.9954 
0.9974 
0.9994 
1.0012 
328.15 
0.9914 
0.9934 
0.9952 
0.9974 
0.9990 
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Density vs. Temperature of D-Glucose-Hemoglobin-Water System for 
Different concentrations 
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Table- 4.1 (c) Densities p (gm cm'^) of Sucrose-Hemoglobin-Water 
Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg'* / ^ 
/ ^ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.0046 
1.0064 
1.0082 
1.0098 
1.0118 
308.15 
1.0028 
1.0046 
1.0062 
1.0080 
1.0098 
313.15 
1.0008 
1.0026 
1.0044 
1.0060 
1.0078 
318.15 
0.9990 
1.0008 
1.0024 
1.0040 
1.0058 
323.15 
0.9972 
0.9988 
1.0006 
1.0020 
1.0038 
328.15 
0.9952 
0.9970 
0.9986 
1.0002 
1.0018 
1 
•J 
Table- 4.1 (d) Densities p (gm cm') of Maltose-Hemoglobin-Water 
Systems as Functions of Concentration and 
Temperature 
molality y^ 
molv%^ y^ 
y^ Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.0054 
1.0066 
1.0086 
1.0102 
1.0122 
308.15 
1.0038 
1.0050 
1.0068 
1.0084 
1.0104 
313.15 
1.0022 
1.0034 
1.0052 
1.0068 
1.0086 
318.15 
1.0006 
1.0018 
1.0034 
1.0050 
1.0068 
323.15 
0.9980 
1.0002 
1.0018 
1.0034 
1.0050 
328.15 
0.9974 
0.9986 
1.0000 
1.0016 
1.0032 
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Density vs. Temperature of Sucrose-Hemoglol>in-Water System for 
Different concentrations 
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Table- 4.2 (a) Ultrasonic Velocities, U, (m. s"*) of D-Glucose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg' / ^ 
X Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1517.4 
1519.3 
1522.6 
1523.3 
1524.8 
308.15 
1527.4 
1528.8 
1531.8 
1532.4 
1533.2 
313.15 
1535.8 
1537.0 
1539.1 
1540.6 
1543.5 
318.15 
1543.0 
1544.8 
1547.2 
1548.8 
1550.9 
323.15 
1548.2 
1550.8 
1553.7 
1554.9 
1557.5 
328.15 
1553.6 
1554.1 
1557.2 
1558.8 
1561.3 
Table- 4.2 (b) Ultrasonic Velocities, U, (m. s'') of D(-)Fructose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"' / ^ 
/ / T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1518.8 
1519.1 
1521.6 
1523.4 
1524.9 
308.15 
1526.8 
1530.1 
1530.9 
1538.8 
1533.8 
313.15 
1534.8 
1537.6 
1538.3 
1540.3 
~r542.'9'"' 
318.15 
1543.0 
1544.9 
1546.7 
1548.8 
1550.9 
323.15 
1548.5 
1550.5 
1551.4 
1552.9 
1554.5 
328.15 
1553.0 
1555.2 
1557.0 
1558.9 
1560.8 
143 
Ultrasonic Velocity vs. concentiation of D-Glucose-Hemoglobin-Water 
System at Different Temperatures 
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Table- 4.2 (c) Ultrasonic Velocities, U, (m. s'*) of Sucrose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"^^^ 
XTemp. (K) 
0.02 
0.04 
0.06 
0.08 
O.IO 
303.15 
1520.3 
1522.4 
1524.2 
1527.1 
1529.0 
308.15 
1529.4 
1531.3 
1533.2 
1535.5 
1538.0 
313.15 
1537.1 
1539.0 
1541.2 
1542.6 
1545.3 
318.15 
1544.4 
1546.9 
1548.7 
1550.5 
1552.6 
323.15 
1549.0 
1552.2 
1554.8 
1556.5 
1558.3 
328.15 
1554.7 
1557.6 
1559.1 
1561.1 
1562.4 
Table- 4.2 (d) Ultrasonic Velocities, U, (m. s ') of Maltose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'^^/ 
y^ Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1523.4 
1524.3 
1526.6 
1527.1 
1529.0 
308.15 
1531.2 
1532.4 
1535.0 
1536.7 
1539.1 
313.15 
1536.3 
1539.2 
1541.2 
1542.3 
1545.4 
318.15 
1542.9 
1547.4 
1549.3 
1550.7 
1552.4 
323.15 
1550.9 
1552.5 
1554.6 
1556.8 
1559.3 
328.15 
1555.0 
1556.6 
1559.8 
1556.0 
1563.2 
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Ultrasonic Velocity vs. concentration of Sucrose-Hemoglobin-Water 
System at Different Temperatures 
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Table- 4.3 (a) Adiabatic Compressibility (Ps x 10 \ cm^dyne') of D-
Glucose-Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'* >/ 
, X Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
4.3301 
4.3107 
4.2869 
4.2753 
4.2618 
308.15 
4.2821 
4.2666 
4.2440 
4.2331 
4.2228 
313.15 
4.2439 
4.2297 
4.2122 
4.1965 
4.1749 
318.15 
4.2128 
4.1954 
4.1757 
4.1605 
4.1426 
323.15 
4.1930 
4.1714 
4.1492 
4.1361 
4.1158 
328.15 
4.1723 
4.1612 
4.1388 
4.1237 
4.1039 
Table- 4.3 (b) Adiabatic Compressibility (Ps x 10"^ cm^dyne') of 
D(-)Fructose-Hemoglobin-Water Systems as 
Functions of Concentration and Temperature 
molality y^ 
mol kg"'^^ 
X Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
4.3273 
4.3161 
4.2951 
4.2756 
4.2613 
308.15 
4.2906 
4.2636 
4.2515 
4.2326 
4.2203 
313.15 
4.2554 
4.2306 
4.2191 
4.1998 
4.1790 
318.15 
4.2187 
4.1999 
4.1826 
4.1630 
4.1442 
323.15 
4.1973 
4.1789 
4.1657 
4.1493 
4.1333 
328.15 
4.1822 
4.1620 
4.1449 
4.1257 
4.1090 
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Adiab9tic Compressibility vs. Concentration of 0-Giucose-Hemogtobln-
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Table- 4.3 (c) Adiabatic Compressibility {% x W\ cmMyne') of 
Sucrose-Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'' x ^ 
/ / T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
4.3067 
4.2872 
4.2694 
4.2465 
4.2276 
308.15 
4.2633 
4.2451 
4.2278 
4.2077 
4.1865 
313.15 
4.2291 
4.2111 
4.1916 
4.1773 
4.1553 
318.15 
4.1968 
4.1757 
4.1593 
4.1431 
4.1245 
323.15 
4.1794 
4.1555 
4.1342 
4.1194 
4.1025 
328.15 
4.1572 
4.1342 
4.1197 
4.1025 
4.0892 
Table- 4.3 (d) Adiabatic Compressibility (Ps x 10'^, cm^dyne"') of 
Maltose-Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol V%^ y ^ 
/ ^ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303,15 
4.2858 
4.2757 
4.2543 
4.2448 
4.2259 
308.15 
4.2490 
4.2373 
4.2154 
4.1994 
4.1780 
313.15 
4.2276 
4.2066 
4.1882 
4.1756 
4.1514 
318.15 
4.1982 
4.1688 
4.1520 
4.1379 
4.1214 
323.15 
4.1658 
4.1481 
4.1303 
4.1121 
4.0989 
328.15 
4.1464 
4.1329 
4.1102 
4.0994 
4.0793 
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The experimentally determined adiabatic compressibility of a protein 
would mainly consist of two contributions, volume of the cavity and 
hydration.'"' The volume of the cavity in a protein molecule is generated by 
imperfect atomic packing, and change in volume occurs due to solvation or 
hydration. Increased pressure may squeeze cavity in the protein molecules and 
force water into the cavity'^ '^ l Thus, the positive Ps values observed can be 
ascribed to the large cavity effect overcoming the hydration effect. At low 
temperature, however, the hydration effect would oppositely overcome the 
cavity effect due to the increased amount of hydration. The temperature for 
Ps=0 can be regarded as a compensation temperature for both factors, the 
packing state in the protein molecule and the protein-solvent interaction. 
The compressibility lowering (APs) values'^ "*^  have been obtained using 
the following equation 
APs = Po-Ps (ii) 
where Po and Ps are the adiabatic compressibility values of solvent and 
solutions, respectively. The APs values listed in Table-4.4 (a-d) show an 
increase with increases in concentration of different sugars and do nol show 
definite trend with temperature. The variation of the APs with concentration is 
shown in Fig.-4.4 (a-d) at different temperatures. 
Relative change in adiabatic compressibility is calculated by using the 
equation 
-ff. = AA//?° (iii) 
These values have been found to increase with increase in concentration 
and no regular trend is observed with temperature. It is noteworthy that Fig.-4.5 
(a-d) shows linear relationship between the relative change in adiabatic 
compressibility and the solute concentration. 
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Table- 4.4 (a) Compressibility Lowering (Aps x 10"^ cm^dyne') of D-
Glucose-Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y ^ 
moiv%^ y^ 
XTtm\i. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
0.0050 
0.0244 
0.0481 
0.0598 
0.0733 
308.15 
0.0151 
0.0306 
0.0533 
0.0642 
0.0745 
313.15 
0.0200 
0.0342 
0.0517 
0.0674 
0.0890 
318.15 
0.0113 
0.0287 
0.0484 
0.0637 
0.0816 
323.15 
0.0100 
0.0316 
0.0538 
0.0668 
0.0872 
328.15 
0.0043 
0.0153 
0.0377 
0.0528 
0.0726 
*7 7 1 
Table- 4.4 (b) Compressibility Lowering (APs x 10", cm dyne') of 
D(-) Fructose-Hemoglobin-Water Systems as 
Functions of Concentration and Temperature 
molality / ^ 
mol kg"' > ^ 
X Temp. (K) 
0.02 
0.04 . 
0.06 
0.08 
0.10 
303.15 
0.0078 
0.0190 
0.0400 
0.0595 
0.0738 
308.15 
0.0066 
0.0336 
0.0457 
0.0647 
0.0769 
313.15 
0.0085 
0.0333 
0.0448 
0.0641 
0.0849 
318.15 
0.0054 
0.0242 
0.0415 
0.0612 
0.0799 
323.15 
0.0057 
0.0241 
0.0373 
0.0537 
0.0696 
328.15 
0.0057 
0.0145 
0.0320 
0.0509 
0.0675 
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Table- 4.4 (c) Compressibility Lowering (Aj3s x 10"^ , cm^ dyne') of 
Sucrose-Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
moi\>%^ y^ 
X Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
0.0284 
0.0479 
0.0657 
0.0886 
0.1075 
308.15 
0.0340 
0.0522 
0.0694 
0.0896 
0.1107 
313.15 
0.0348 
0.0528 
0.0723 
0.0866 
0.1086 
318.15 
0.0274 
0.0484 
0.0648 
0.0811 
0.0997 
323.15 
0.0235 
0.0474 
0.0688 
0.0835 
0.1004 
328.15 
0.0194 
0.0423 
0.0569 
0.0740 
0.0874 
.... 7 7 I 
Table- 4.4 (d) Compressibility Lowering (APs x 10' , cm dyne") of 
Maltose-Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
moiVig^ y^ 
/ ^ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
0.0493 
0.0594 
0.0778 
0.0903 
0.1092 
308.15 
0.0482 
0.0600 
0.0818 
0.0978 
0.1192 
313.15 
0.0363 
0.0573 
0.0757 
0.0883 
0.1125 
318.15 
0.0259 
0.0553 
0.0722 
0.0863 
0.1027 
323.15 
0.0371 
0.0548 
0.0726 
0.0909 
0.1040 
328.15 
0.0301 
0.0436 
0.0663 
0.0771 
0.0973 
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Table- 4.5 (a) Relative Change in Adiabatic Compressibility (APs/P° x 
10'^ ) of D-Glucose-Hemoglobin-Water Systems as 
Functions of Concentration and Temperature 
molality y ^ 
mol kg'V,X 
/^Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.1506 
5.6301 
11.1165 
13.7893 
16.8990 
308.15 
3.5192 
7.1287 
12.3928 
14.9316 
17.3269 
313.15 
4.6901 
8.0309 
12.1180 
15.8085 
20.8685 
318.15 
2.6794 
6.7952 
11.4577 
15.0743 
19.3057 
323.15 
2.3710 
7.5088 
12.7951 
15.8953 
20.7450 
328.15 
1.0217 
3.6712 
9.0283 
12.6471 
17.3819 
Table- 4.5 (b) Relative Change in Adiabatic Compressibility (APs/p° x 
10"^ ) of D(-) Fructose-Hemoglobin-Water Systems as 
Functions of Concentration and Temperature 
molality y^ 
mol kg'^^ 
/^emp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.7970 
4.3775 
9.2254 
13.7231 
17.0280 
308.15 
1.5389 
7.8257 
10.6400 
15.0540 
17.9007 
313.15 
1.9442 
7.8135 
10.4979 
15.0325 
19.9118 
318.15 
1.2769 
5.7292 
9.8288 
14.4841 
18.9149 
323.15 
1.3524 
5.7284 
8.8731 
12.7665 
328.15 
1.3638 
3.4775 
i.ei-ii 
12.1800 
16.5689 ; 16.1617 
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Table- 4.5 (c) Relative Change in Adiabatic Compressibility (Aps/p° x 
10'^ ) of Sucrose-Hemoglobin-Water Systems as 
Functions of Concentration and Temperature 
molality y ^ 
mol kg'^  >^ 
/^emp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
6.5424 
11.0530 
15.1489 
20.4406 
24.8050 
308.15 
7.9076 
12.1412 
16.1550 
20.8517 
25.7720 
313.15 
8.1601 
12.3837 
16.9662 
20.3103 
25.4746 
318.15 
6.4797 
11.4696 
15.3402 
19.1907 
23.5925 
323.15 
5.5999 
11.2823 
16.3588 
19.8778 
23.8942 
328.15 
4.6400 
10.1333 
13.6201 
17.7197 
20.9200 
Table- 4.5 (d) Relative Change in Adiabatic Compressibility (APs/P° x 
10'^ ) of Maltose-Hemoglobin-Water Systems as 
Functions of Concentration and Temperature 
molality y ^ 
mol kg"' /^ ^ 
//Temp. (K) 
0.02 
0.04 
0.06 
303.15 
11.3688 
13.7130 
17.9405 
0.08 ! 20.8284 
0.10 125.1904 
308.15 
11.2248 
13.9515 
19.0459 
22.7682 
27.7419 
313.15 
8.5138 
13.4276 
17.7485 
20.7080 
26.3735 
318.15 
6.1388 
13.0943 
17.0832 
20.4193 
24.3110 
323.15 
8.8300 
13.0478 
17.2843 
21.6225 
24.7572 
328.15 
7.7219 
10.4491 
15.8849 
18.4641 
23.2868 
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The product of density and ultrasonic velocity gives specific acoustic 
impedance, 
Z = Ud (iv) 
where the terms have their usual meaning. The computed values of specific 
acoustic impedance given in Table-4.6 (a-d) show an increase with increases in 
concentration of different sugars and temperatures in all the systems under 
investigation. The linear increase in Z values with concentration is shown in 
Fig.-4.6 (a-d), which appears to be due to the corresponding decrease in ps 
values. 
The values of relative association (RA) parameter have been computed 
using the following equation. ^ ^^^ 
•^-r \U J •(V) 
where 'd' and 'd"' are the densities of the solution and solvent, respectively, 
while U and U° are their corresponding ultrasonic velocities. Relative 
association values listed in Table-4.7 show an increasing trend with increase in 
concentration of different sugars; the corresponding variation with temperature 
seems insignificantly small over a range of 303.15-328.15 K. The relative 
association (RA) is influenced by two factors: 
i. The breaking up of solvent molecules on addition of solute to it. 
ii. The solvation of solutes those are simultaneously present. 
The former results in decrease and the latter in increase of association in 
a system. RA increases with increase in concentration of sugar, which suggests 
that solvation of the solute molecules predominates over the breaking up of the 
solvent molecules. 
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Table- 4.6 (a) Specific acoustic Impedance, Z (g cm" s" ) of D-
GIucose-Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y/^ 
mol kg"'^/ 
y^emp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1521.95 
1526.89 
1532.04 
1535.48 
1538.82 
308.15 
1528.92 
1533.08 
1538.23 
1541.59 
1544.54 
313.15 
1534.26 
1538.22 
1542.48 
1546.76 
1551.83 
318.15 
1538.37 
1542.94 
1547.81 
1551.89 
1556.48 
323.15 
1540.45 
1545.83 
1551.21 
1554.90 
1559.99 
328.15 
1542.72 
1546.32 
1551.59 
1555.68 
1560.67 
- - !> , Table- 4.6 (b) Specific acoustic Impedance, Z (g cm' s') of D (-) 
Fructose-Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"* >^ 
/^emp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1521.53 
1525.17 
1530.12 
1535.28 
1538.92 
308.15 
1526.49 
1532.85 
1536.41 
1541.38 
1544.84 
313.15 
1531.11 
1537.29 
1540.76 
1545.84 
1550.92 
318.15 
1536.21 
1541.19 
1545.77 
1550.96 
1555.86 
323.15 
1538.58 
1543.36 
1547.36 
1551.96 
1556.36 
328.15 
1539.64 
1544.93 
1549.52 
1554.84 
1559.23 
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Table- 4.6 (c) Specific acoustic Impedance, Z (g cm" s" ) of Sucrose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg"^^/ 
XTemp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1527.29 
1532.14 
1536.69 
1542.06 
1547.04 
308.15 
1533.68 
1538.34 
1542.70 
1547.78 
1553.07 
313.15 
1538.32 
1543.00 
1547.98 
1551.85 
1557.35 
318.15 
1542.85 
1548.13 
1552.41 
1556.70 
1561.60 
323.15 
1544.66 
1550.33 
1555.73 
1559.61 
1564.22 
328.15 
1547.23 
1552.92 
1556.91 
1561.41 
1565.21 
Table- 4.6 (d) Specific acoustic Impedance, Z (g cm' s') of Maltose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'' v ^ 
y^emp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1531.62 
1534.36 
1539.72 
1542.67 
1547.65 
308.15 
1537.01 
1540.06 
1545.43 
1549.60 
1555.10 
313.15 
1539.67 
1544.43 
1549.21 
1552.78 
1558.69 
318.15 
1543.82 
1550.18 
1554.56 
1558.45 
1562.95 
323.15 
1547.79 
1552.81 
1557.39 
1562.09 
1567.09 
328.15 
1550.95 
1554.42 
1559.80 
1563.09 
1568.20 
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Table- 4.7 (a) Relative Association (RA) of D-Glucose-Hemoglobin-
Water Systems as Functions of Concentration and 
Temperature 
molality y^ 
moiv%^ y^ 
X Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.0033 
1.0049 
1.0054 
1.0072 
1.0079 
308.15 
1.0029 
1.0044 
1.0052 
1.0068 
1.0081 
313.15 
1.0027 
1.0043 
1.0052 
1.0067 
1.0075 
318.15 
1.0028 
1.0043 
1.0053 
1.0066 
1.0078 
323.15 
1.0031 
1.0043 
1.0054 
1.0067 
1.0078 
328.15 
1.0031 
1.0050 
1.0058 
1.0071 
1.0081 
Table- 4.7 (b) Relative Association (RA) of D (-) Fructose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'' /''^ 
X Temp. (K) 
0.02 
0.04 . 
0.06 
0.08 
0.10 
303.15 
1.0018 
1.0039 
1.0050 
1.0068 
1.0079 
308.15 
1.0018 
1.0031 
1.0048 
1.0063 
1.0077 
313.15 
1.0015 
1.0031 
1.0048 
1.0064 
1.0074 
318.15 
1.0014 
1.0030 
1.0045 
1.0060 
1.0074 
323.15 
1.0017 
1.0030 
1.0049 
1.0066 
1.0080 
328.15 
1.0016 
1.0032 
1.0046 
1.0064 
1.0076 
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Table- 4.7 (c) Relative Association (RA) of Sucrose-Hemoglobin-
Water Systems as Functions of Concentration and 
Temperature 
molality y^ 
11 -1 / moll^  X 
/ l e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.0043 
1.0056 
1.0070 
1.0080 
1.0095 
308.15 
1.0043 
1.0057 
1.0069 
1.0082 
1.0094 
313.15 
1.0043 
1.0052 
1.0070 
1.0077 
1.0095 
318.15 
1.0045 
1.0058 
1.0070 
1.0086 
1.0096 
323.15 
1.0052 
1.0061 
1.0073 
1.0084 
1.0098 
328.15 
1.0052 
1.0063 
1.0076 
1.0088 
1.0101 
Table- 4.7 (d) Relative Association (RA) of Maltose-Hemoglobin-
Water Systems as Functions of Concentration and 
Temperature 
molality y ^ 
mol kg'* v/^ 
^ ^ T e m p . (K) 
0.02 
0.04 . 
0.06 
0.08 
0.10 
303.15 
1.0044 
1.0054 
1.0068 
1.0084 
1.0099 
308.15 
1.0049 
1.0058 
1.0069 
1.0083 
1.0098 
313.15 
1.0058 
1.0064 
1.0078 
1.0091 
1.0103 
318.15 
1.0065 
1.0067 
1.0079 
1.0092 
1.0106 
323.15 
1.0056 
1.0074 
1.0086 
1.0097 
1.0108 
328.15 
1.0073 
1.0081 
1.0089 
1.0103 
1.0115 
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The apparent molal volumes, ^y, and the adiabatic apparent molal 
adiabatic compressibility, <|)k(s), values of the aqueous hemoglobin solution with 
different sugars have been determined from the density, d, and adiabatic 
compressibility, Ps, of the solution using the equations. 
^^-—+-5^-5 '- (vi) 
d mdd^ 
and 
\QOQ{fi,d°-p^M) PM . ... 
^ ' ^-' '-v^-^— (vii) 
^''" mdd, d 
Where do is the density of water, m is the molality; M is the molecular 
weight of the solute. The apparent molal volumes for the systems from 303.15 
to 328.15K are presented in Table-4.8 (a-d). The apparent molal volume (^v) 
for the systems under study, show that ^y values of glucose at all temperatures 
are smaller than those of fructose, though the difference is not very large. No 
definite trend is seen in ^y versus concentration for D(-) fructose. The higher ^y 
values in the case of sucrose suggest that it is comparatively more hydrated, 
since sucrose is made up of glucose and fructose. The apparent molal volume 
has been found to vary with concentration at constant temperature as envisaged 
by the equation^ ^^ ^ Fig.-4.8(a-d). 
(|)v= (t)v° +Svm (viii) 
where <j)v°, the apparent molal volume at infinite dilution is referred to as partial 
molal volume as shown in Table- 4.9 (a-b). It is a measure of the solute-solvent 
interaction. It is obtained at each temperature from the linear fitting of <j)v with 
m using the least square method. Sv is the experimental slope and is a measure 
of the solute-solute interaction. Some typical plots of ^y versus m have been 
displayed in Fig.4.8 (a-d). 
It has been observed that after the addition of different sugars to the 
hemoglobin solution there is an increase in the values of apparent molal 
volumes and decrease in compressibility of the solutions. This may be 
attributed to the fact that the addition of sugars to the protein increases the 
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Table- 4.8(a) Apparent molal volume, (j)v (cm^ mol"') of D-Glucose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
moiVg^  y^ 
/^Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
30.0698 
54.8856 
76.3533 
79.5238 
87.3563 
308.15 
29.8296 
59.752 
76.2991 
79.4827 
85.3401 
313.15 
29.5872 
59.6304 
76.2431 
79.4406 
85.3218 
318.15 
39.4617 
64.5666 
76.1934 
81.9274 
85.3045 
323.15 
29.0958 
59.3823 
72.7495 
79.3536 
83.2526 
328.15 
39.0478 
59.2687 
76.0779 
81.8588 
85.2638 
Table- 4.8(b) Apparent molal volume, v^ (cm"* mol'^ ) of D (-) Fructose 
D-Glucose-Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
molkgX 
/^emp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
89.9980 
79.8406 
86.3432 
82.0202 
87.3563 
308.15 
89.976 
84.8170 
86.3288 
84.4964 
87.3467 
313.15 
100.0789 
84.7954 
86.3137 
84.4744 
87.3364 
318.15 
110.2367 
94.8919 
93.0436 
89.5096 
89.3490 
323.15 
100.1558 
94.9111 
89.6673 
86.9662 
87.3133 
328.15 
120.6034 
100.0284 
96.4650 
89.5020 
91.3805 
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Table- 4.8(c) Apparent molal volume, ^y (cm"' mol'') of Sucrose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'V/ 
.XTemp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
111.7858 
181.1407 
203.9609 
217.6669 
221.6841 
308.15 
101.5347 
176.1590 
204.0940 
215.3269 
221.8890 
313.15 
101.2551 
176.1793 
200.8540 
215.5050 
222.0938 
318.15 
101.0009 
176.1965 
204.3456 
218.2125 
224.3222 
323.15 
80.4284 
171.1344 
197.6921 
215.8602 
222.5029 
328.15 
90.2590 
171.1309 
201.1961 
216..0197 
224.7474 
Table- 4.8(d) Apparent molal volume, ^y (cm"* mol') of Maltose-
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality / 
mol kg'' y^ 
/Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
89.8349 
194.0393 
215.1365 
230.4992 
235.4475 
308.15 
69.4748 
184.0491 
211.9184 
228.1431 
233.6416 
313.15 
48.9673 
173.9855 
205.3033 
223.2597 
231.8203 
318.15 
38.4301 
168.9075 
205.3938 
223.4154 
232.0073 
323.15 
58.0167 
153.6360 
195.3179 
215.9366 
228.1310 
328.15 
57.5624 
148.4495 
195.3702 
216.0640 
228.3028 
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Table- 4.9(a) Partial molal volume (j)v° (cm^.mol*) Hemoglobin-Water 
Systems at different Temperatures 
Temp (K) 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
D-GIucose 
<j)v** 
23.88 
26.92 
26.66 
36.78 
26.29 
33.80 
Sv 
696.05 
653.75 
656.35 
545.20 
641.35 
575.05 
D (-) Fructose 
<l>v" 
86.04 
88.29 
96.35 
109.55 
101.90 
120.29 
Sv, 
-15.50 
-28.10 
-129.05 
-235.80 
-168.20 
-344.85 
Table- 4.9(b) Partial molal volume ^y° (cm .^mol"') Hemoglobin-Water 
Systems at different Temperatures 
Temp (K) 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
Sucrose 
<|>v** 
110.34 
138.33 
98.88 
98.22 
78.86 
86.51 
Sv 
1281.6 
1399.5 
1404.9 
1443.2 
1644.4 
1569.4 
Maltose 
<l>v*' 
94.69 
73.72 
52.18 
41.13 
49.45 
46.42 
Sv 
1638.4 
1862.2 
2074.9 
2208.3 
2012.6 
2045.4 
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Table- 4.10 (a) Apparent mola! adiabatic compressibility {^^ x 10' , 
cm^ mol'' dyn"') of D-Glucose-Hemoglobin-Water 
Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg'' . / ^ 
/ X e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
-1.1920 
-3.7358 
-4.7586 
-4.0724 
-3.6029 
308.15 
-6.2993 
-5.1245 
-5.6555 
-4.6721 
-3.8570 
313.15 
-8.7835 
-6.0730 
-5.4347 
-5.1259 
-5.3717 
318.15 
-4.0296 
-4.5090 
-4.9319 
-4.5974 
-4.6688 
323.15 
-3.8027 
-5.4763 
-6.0166 
-5.1361 
-5.3628 
328.15 
-5.2544 
-1.4049 
-3.1980 
-3.2924 
-3.8323 
-5 Table- 4.10 (b) Apparent molal adiabatic compressibility (^u x 10', 
cm^ mol'* dyn'') of D(-) Fructose-Hemoglobin-Water 
Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg"' > ^ 
/ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
-5.1009 
-1.2982 
-2.9570 
-3.9295 
-3.6593 
308.15 
0.5484 
-4.8078 
-3.9655 
-4.5262 
-4.0215 
313.15 
-9.8216 
-4.7751 
-3.8486 
-4.4966 
-4.8745 
318.15 
1.9379 
-2.1002 
-3.0684 
-3.9663 
-4.3337 
323.15 
1.3389 
-2.1013 
-2.5304 
-3.1274 
-3.4110 
328.15 
7.9201 
0.4963 
-1.3292 
-2.7291 
-3.0620 
173 
Table- 4.10 (c) Apparent molal adiabatic compressibility ((|)k x 10', 
cm^ mol'^  dyn"') of Sucrose-Hemoglobin-Water 
Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg'' ^/^ 
^ / X e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
-9.3667 
-4.2132 
-2.2374 
-1.8333 
-1.3814 
308.15 
-12.6958 
-5.5915 
-2.9648 
-2.1629 
-1.8077 
313.15 
-13.1847 
-5.8347 
-3.6865 
-1.8663 
-1.6771 
318.15 
-9.5266 
-4.8255 
-2.3634 
-1.1514 
-0.7718 
323.15 
-8.5015 
-4.8388 
-3.3786 
-1.6352 
-0.9954 
328.15 
-6.0332 
-3.6103 
-1.2861 
-4.8016 
-0.3665 
Table- 4.10 (d) Apparent molal adiabatic compressibility ((j)^  x 10'^ , 
cm^ mol'' dyn'') of Maltose-Hemoglobin-Water 
Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg'* >X 
/ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
-20.7923 
-6.5653 
-4.3097 
-1.5037 
-0.9705 
308.15 
-21.2143 
-7.2196 
-4.7349 
-2.6740 
-2.1836 
313.15 
-16.1538 
-7.0520 
-4.0651 
-1.7590 
-1.6667 
318.15 
-11.4278 
-6.8672 
-3.8672 
-1.6000 
-0.7672 
323.15 
-16.2888 
-7.4473 
-4.1379 
-2.5719 
-1.1384 
328.15 
-15.3585 
-4.8830 
-1.1367 
-0.8775 
-0.5010 
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hydrophobic, electrostatic and hydrogen-bonding interactions giving rise to the 
compact form of protein. Therefore, by observing a decrease in the 
compressibility of the solution and the increase in the apparent molal volume of 
the protein after the addition of sugars, we can say that the extent of 
denaturation of protein is reduced and its stabilization has taken place. 
Proteins are stabilized by a combination of hydrogen-bonding 
interactions, electrostatic interactions and hydrophobic interaction. In some 
proteins there is an additional contribution from cross-linking, metal 
complexing and specific binding of ions and cofactors. In discussing the effect 
of different sugars on the stability of hemoglobin, we have to consider the 
effects of different sugars on these various forces and interactions. In aqueous 
solutions of protein, there is a cooperative hydrogen-bonded structure.'^'' 
When sugar is added to the protein solution, the OH groups of sugars may also 
compete for hydrogen-bonding.^^'' Now we have to consider the respective 
interactions between protein, water and additive (sugar) molecules. The 
additive interacting more strongly with protein than with water will tend to 
stabilize the denatured states by the formation of protein additive complexes. 
They will, therefore, have a denaturing effect. However, additives interacting 
more strongly with water molecules than with protein will favour the 
stabilization of protein molecules.^^'' 
The apparent molal adiabatic compressibility ((t)k) values of aqueous 
solutions of hemoglobin with different sugars at 303.15K - 328.15K are 
evaluated as shown in Table-4.10 (a-d) and are found to be negative at all 
temperatures, which can be explained by postulating that polar OH groups of 
sugars interact with surrounding solvent water through dipole-dipole 
interaction in such a way that the surrounding water loses its own 
compressibility to a certain extent, and degree of organization of water 
molecules increases by forming clusters in the vicinity of protein, so it will 
limit the denaturation of protein. The unfavourable (or polar) environment 
produced by sugar molecules will increase the hydrophobic interaction in 
proteins thus increasing its stabilization. 
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CHAPTER-V 
VISCOSITY AND ITS RELATED 
PARAMETERS OP AQUEOUS 
HEMOGLOBIN SOLUTION IN PRESENCE 
OP DIFFERENT SUGARS 
INTRODUCTION 
The rate of protein folding is assumed to be fundamentally limited by the 
rate of diffusion of the parts of the protein chain in the solvent.''^ Most theoretical 
treatments linking the rate of activated chemical processes in solution with 
diffusion are based on a theory originally developed by KramersJ^' He proposed 
that the reaction rate of a diffusion-limited process in the high fraction limit should 
be proportional to I/TJ, inverse of the viscosity of the solvent. This proposition has 
been tested experimentally in the case of protein folding by several groups^ '^^ ' and 
has in general proved to be correct. However, all of these studies have explored 
viscosities of protein solutions equal to or higher than the viscosity of water. 
Viscometric studies are usefiil for stud>ing the transport properties of 
liquids. The viscosity and its derived parameters such as specific viscosity, 
reduced viscosity and relative viscosity can pro\ ide a better understanding of the 
shape and size of the macromolecules, and the intermolecular/interionic 
interactions in solutions. The solute-solvent interaction and the extent of solute 
hydration can also be studied in terms of B-coefficients in Jones-Dole equation.'^' 
The B-coefflcient is a measure of effective solvodynamic volume of solvated 
ions/molecules and is governed by the size and shape effects of solute and the 
structural effect induced by the solute-solvent interactions.'^' In the case of 
electrolytes, the B-coefficient is a measure of the order or disorder introduced by 
ions into their co-spheres.''"' A positive B-coefficient indicates that the ions tend 
to order the solvent structure and increase the viscosity of the solution. 
The sensitivity of viscosity to molecular structure makes it useful for 
monitoring the processes that result in change in the shapes and sizes of the 
molecules such the denaturation of proteins and intermolecular cross linking, etc. 
In addition to studies on the effect of sugars and polyols on proteins and 
enzymes, the effect of various carbohydrates in preserving the structural and 
functional integrity of membranes has been studied by a number of 
investigators.'"''^' Although some trends correlating the stabilizing potency of 
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sugars and polyols with the number or configuration of the hydroxy groups have 
been noted,^ '^ ^ there are numerous exceptions,'"' and all proteins and enzymes do 
not respond equally to a given compound. Thus, our understanding of the 
mechanism of stabilization of proteins and enzymes by these additives is still 
incomplete. 
In the present work, the viscosity and its derived parameters have been used 
to understand the increased stability of hemoglobin in presence of sugars. 
Results and Discussion 
The experimental values of viscosity coefficient (r\) for different 
concentrations and temperatures have been recorded in Tables 5.1 (a-d) as 
functions of molality of D-glucose, D(-)fructose, sucrose and maltose. As seen in 
the table, viscosity r\ decreases with the increase in temperature. It is attributed to 
the fact that as the temperature is increased, the solution becomes more active. 
This increased molecular activity or molecular motion occurs at the expense of 
cohesive forces acting between the molecules. As a result, the liquid now faces 
lesser resistance to its flow and the liquid now flows easily or we can say the 
liquid has become more mobile. 
The trend of variations of viscosity values with changes in concentration of 
different sugars and temperature is apparent from the plots shown in Fig.-5.1(a-d). 
An examination of these plots indicate that viscosity values increase with increase 
in concentration of different sugars viz., D-glucose, D(-) fructose, sucrose and 
maltose and decrease with increase in temperature in all the systems. The increase 
in concentration of sugars increase the viscous behaviour of the solution due to an 
increase in the number of solute molecules, which cause more frictional resistance 
in the flow. 
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Table-5.1 (a): Viscosity, (TI X 10^ Kg m'* s"') of D-Glucose-Hemoglobin-
Water Systems as Functions of Concentration and 
Temperature 
molality >/ 
mol kg'' y^ 
/ X e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
8.7219 
8.9491 
9.0499 
9.2014 
9.3629 
308.15 
7.8622 
7.9936 
8.1223 
8.2546 
8.4281 
313.15 
7.2454 
7.4195 
7.5031 
7.5900 
7.7476 
318.15 
6.7363 
6.8207 
6.9185 
6.9750 
7.0713 
323.15 
6.3546 
6.4381 
6.5061 
6.5888 
6.6862 
Table-5.1 (b): Viscosity, (TI X 10^ Kg m'^  s'*) of D(-)Fructose-Hemoglobin-
Water Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg"* y^ 
/ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
8.7563 
8.9253 
9.0895 
9.21A1 
9.4080 
308.15 
7.8381 
8.0003 
8.1615 
8.3248 
8.4454 
313.15 
7.1624 
7.3243 
7.4840 
7.6310 
7.7902 
318.15 
6.6548 
6.7259 
6.8682 
7.0413 
7.1846 
323.15 
6.2595 
6.3572 
6.4276 
6.5127 
6.6546 
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-1 „-u Table-5.1 (c): Viscosity, (TI X 10^ Kg m' s') of Sucrose-Hemoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality y^ 
mol kg' y^ 
/ ^ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
9.0055 
9.1718 
9.3385 
9.5040 
9.6586 
308.15 
8.0963 
8.2284 
8.3887 
8.5659 
8.7288 
313.15 
7.4195 
7.5648 
7.7399 
7.8111 
7.8987 
318.15 
6.7932 
6.9647 
7.1063 
7.2048 
7.2905 
323.15 
6.3542 
6.4222 
6.5928 
6.6744 
6.7589 
Table-5.1 (d): Viscosity, (r) x lO**, Kg m"' s"') of Maltose-Hemoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality y^ 
mol kg' y^ 
X Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
9.0877 
9.2336 
9A^1\ 
9.5680 
9.7530 
308.15 
8.1631 
8.3199 
8.4820 
8.6430 
8.8079 
313.15 
7.4885 
7.6442 
7.8049 
7.9645 
8.1262 
318.15 
6.8185 
6.9571 
7.1279 
7.2847 
7.4434 
323.15 
6.4170 
6.5468 
6.6007 
6.7562 
6.8977 
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The relative viscosity (rir) has been calculated using the equation, 
Tir^-n/Ti" i) 
Where r\ and ri° represent the viscosity values of the solution and solvent, 
respectively, given in Table- 5.2(a-d). The trend in the variation of relative 
viscosity values with concentration is same as that of viscosity values as apparent 
from Table 5.1. However, T], values do not have regular trend of variation with 
temperature as shown in Fig.-5.2 (a-d). 
The specific viscosity (risp) which represents the relative increase in 
viscosity due to the solute, can be expressed by the relation, 
^ ^ p " ^ - ^ ii) 
Where the terms have their usual meaning. The risp values have been 
presented in Table 5.3 (a-d). An examination of the data reveals that risp values 
increase with increase in concentration of different sugars in all the four systems. 
These values also vary with temperature and show increasing trend with increase 
in temperature as shown in Fig.- 5.3 (a-d). The risp values are more concentration 
dependent as compared to temperature. !s^j,; 
The quantity risp in the limit of infinite dilution, is proportional to the 
concentration C, (measured in gram per millilitre) thus, the quantity risp/C called 
the reduced viscosity must be independent at zero concentration. Reduced 
viscosity tj^ d values are given in the Table 5.4 (a-d). The reduced viscosity does 
not show any concentration dependence but "Hred increases with the increase in 
temperature only as shown in Fig.- 5.4 (a-d). 
The viscosity B-coefficient is related to the solute-solvent interaction. The 
temperature dependences of B-coefficients for D- glucose, D(-) fructose, sucrose 
and maltose are given in Table (5.5), the viscosity B-coefficients for aqueous 
hemoglobin solution with different sugars have been expressed in terms of Jones-
Dole equation. B-coefficient is a measure of solute-solvent interaction and it 
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Table-5.2 (a): Relative Viscosity, (rirei) of D-Glucose-Hemoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality y ^ 
mol kg'' y/^ 
/^emp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.0117 
1.0380 
1.0497 
1.0673 
1.0860 
308.15 
1.0220 
1.0391 
1.0559 
1.0730 
1.0956 
313.15 
1.0364 
1.0613 
1.0733 
1.0857 
1.1083 
318.15 
1.0500 
1.0632 
1.0784 
1.0892 
1.1023 
323.15 
1.0657 
1.0797 
1.0911 
1.1050 
1.1213 
Table-5.2 (b): Relative Viscosity, (rirei) of D(-)Fructose-Hemoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality y^ 
mol kg' y^ 
/^Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.0157 
1.0353 
1.0543 
1.0758 
1.0913 
308.15 
1.0189 
1.0400 
1.0609 
1.0823 
1.0979 
313.15 
1.0246 
1.0477 
1.0706 
1.0916 
1.1144 
318.15 
1.0373 
1.0484 
1.0706 
1.0976 
1.1199 
323.15 
1.0498 
1.0661 
1.0780 
1.0922 
1.1160 
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Table-5.2 (c): Relative Viscosity, (r\nd of Sucrose -Hemoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality y^ 
mol kg'' y ^ 
/ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
O.IO 
303.15 
1.0447 
1.0639 
1.0832 
1.1024 
1.1203 
308.15 
1.0525 
1.0696 
1.0905 
1.1135 
1.1347 
313.15 
1.0613 
1.0821 
1.1072 
1.1174 
1.1299 
318.15 
1.0589 
1.0856 
1.1077 
1.1231 
1.1364 
323.15 
1.0657 
1.0770 
1.1057 
1.1193 
1.1335 
Table-5.2 (d): Relative Viscosity, (rirei) of Maltose-Heraoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality y^ 
mol kg"' >/ 
/ ^ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
1.0541 
1.0710 
1.0906 
1.1098 
1.1313 
308.15 
1.0612 
1.0815 
1.1026 
1.1235 
1.1450 
313.15 
1.0712 
1.0935 
1.1165 
1.1393 
1.1624 
318.15 
1.0629 
1.0845 
1.1111 
1.1355 
1.1603 
323.15 
1.0762 
1.0979 
1.1070 
1.1331 
1.1568 
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Table-5.3 (a): Specific Viscosity, (risp) of D-Glucose-Hemoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality y^ 
mol kg"* y^ 
/ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
0.0117 
0.0380 
0.0497 
0.0673 
0.0860 
308.15 
0.0220 
0.0391 
0.0559 
0.0730 
0.0956 
313.15 
0.0364 
0.0613 
0.0733 
0.0857 
0.1083 
318.15 
0.0500 
0.0632 
0.0784 
0.0892 
0.1023 
323.15 
0.0657 
0.0797 
0.0911 
0.1050 
0.1213 
Table-5.3 (b): Specific Viscosity, (Tisp) of D(-)Fructose-Hemoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality 
mol kg -1 
Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
0.0157 
0.0353 
0.0543 
0.0758 
0.0913 
308.15 
0.0189 
0.0400 
0.0609 
0.0822 
0.0979 
313.15 
0.0246 
0.0477 
0.0706 
0.0916 
0.1144 
318.15 
0.0373 
0.0484 
0.0706 
0.0976 
0.1199 
323.15 
0.0498 
0.0661 
0.0780 
0.0922 
0.1160 
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TabIe-5.3 (c): Specific Viscosity, (rjsp) of Sucrose-Hemoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality y^ 
mol kg'' y ^ 
/ ^ e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
0.0446 
0.0639 
0.0832 
0.1023 
0.1203 
308.15 
0.0525 
0.0696 
0.0905 
0.1135 
0.1347 
313.15 
0.0613 
0.0821 
0.1072 
0.1174 
0.1299 
318.15 
0.0589 
0.0856 
0.1077 
0.1231 
0.1364 
323.15 
0.0657 
0.0770 
0.1057 
0.1193 
0.1335 
TabIe-5.3 (d): Specific Viscosity, (risp) of Maltose-Hemoglobin-Water 
Systems as Functions of Concentration and Temperature 
molality y^ 
mol kg'' y^ 
/ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
0.0541 
0.0710 
0.0906 
0.1098 
0.1313 
308.15 
0.0612 
0.0815 
0.1026 
0.1235 
0.1450 
313.15 
0.0712 
0.0935 
0.1165 
0.1393 
0.1624 
318.15 
0.0629 
0.0845 
0.1111 
0.1355 
0.1603 
323.15 
0.0762 
0.0979 
0.1070 
0.1331 
0.1568 
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- -1 - . Table-5.4 (a): Reduced Viscosity, (rircd> ml gm' ) of D-Glucose-Hemoglobin-
Water Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg' y^ 
/ ^ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
0.5838 
0.9509 
0.8287 
0.8412 
0.8602 
308.15 
1.1019 
0.9782 
0.9309 
0.9131 
0.9561 
313.15 
1.8223 
1.5335 
1.2218 
1.0717 
1.0828 
318.15 
2.5017 
1.5798 
1.3072 
1.1150 
1.0225 
323.15 
3.2857 
1.9930 
1.5188 
1.3124 
1.2132 
Table-5.4 (b): Reduced Viscosity, (tired* ml gm ' ) of D(-)Fructose -
Hemoglobin-Water Systems as Functions of 
Concentration and Temperature 
molality y^ 
mol kg'* y^ 
^^Temp, (K) 
0.02 
0.04 
0.06 
0.08 
0,10 
303.15 
0.7833 
0.8817 
0.9052 
0.9475 
0.9126 
308.15 
0.9456 
0.9999 
1.0158 
1.0273 
0.9786 
313.15 
1.2280 
1.1933 
1.1762 
1.1450 
1.1437 
318.15 
1.8667 
1.2104 
1.1766 
1.2197 
1.1989 
323.15 
2.4884 
1.6535 
1.2992 
1.1528 
1.1602 
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Table-5.4 (c): Reduced Viscosity, (tired, ml gm"') of Sucrose-Hemoglobin-
Water Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg"' /^ 
/^Temp. (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
2.2288 
1.5965 
1.3867 
1.2799 
1.2033 
308.15 
2.6238 
1.7412 
1.5080 
1.4189 
1.3470 
313.15 
3.0670 
2.0531 
1.7863 
1.4670 
1.2990 
318.15 
2.9450 
2.1409 
1.7953 
1.5384 
1.3642 
323.15 
3.2827 
1.9261 
1.7609 
1.4918 
1.3352 
- - 1 ^ Table-5.4 (d): Reduced Viscosity, (r|rcd» ml gm') of Maltose-Hemoglobin-
Water Systems as Functions of Concentration and 
Temperature 
molality y^ 
mol kg"' y^ 
/ ^ T e m p . (K) 
0.02 
0.04 
0.06 
0.08 
0.10 
303.15 
2.7052 
1.7759 
1.5102 
1.3728 
1.3128 
308.15 
3.0580 
2.0384 
1.7103 
1.5443 
1.4498 
313.15 
3.5605 
2.3370 
1.9411 
1.7413 
1.6244 
318.15 
3.1426 
2.1115 
1.8514 
1.6940 
1.6026 
323.15 
3.8091 
2.4486 
1.7830 
1.6633 
1.5679 
Table-5.5: B-Coefficient (dm' mol"') of Different Sugars-Hemoglobin-
Water Sysl 
molality y^ 
mol kg"' y^ 
/ ^ T e m p . (K) 
D-Glucose 
D (-) Fructose 
Sucrose 
Maltose 
tems as Functions of temperature 
303.15 
0.8897 
0.9585 
0.9495 
0.9660 
308.15 
0.9055 
1.0010 
1.0415 
1.0480 
313.15 
0.8410 
1.1175 
0.8621 
1.1410 
318.15 
0.6530 
1.0720 
0.9625 
1.2290 
323.15 
0.6825 
0.7925 
0.8895 
0.9820 
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directly depends on the size, shape and charge of the solute 
molecules. Positive ' B ' values indicate a strong alignment of the 
solvent molecules with the solute ions/ molecules, revealing a 
structure forming behaviour of water. 
In aqueous solution of proteins, there is a cooperative hydrogen 
bonded structure,'''*' in which water competes as both donor and 
acceptor with backbone and side chain groups in the protein. When 
sugar is added to the protein solution, the individual OH groups of 
sugar may also compete for hydrogen bonding, but this effect is 
small. The aqueous solutions of sugars have low dielectric 
constant,^'^' than pure water indicating that the electrostatic 
interactions should be stronger in these solutions than in pure water. 
However, this contribution to the stabilizing effect must be relatively 
small as compared to the hydrophobic interactions. 
Hydrophobic interactions are generally considered to be the 
significant factor in stabilizing the three-dimensional structure of 
prote ins . ' " ' ' ' The stabilization of htmoglobin molecules by sugars is 
more pronounced above 308.15K as shown by negative dB/dT values 
Fig.-5.5 at higher temperatures (308.15K to 323.15K). In aqueous-
organic mixed solvents, hydrophobic interactions depend on the 
solvent structure, with maximum hydrophobic interactions occurring 
in those solvent mixtures in which the three-dimensional structure of 
water is most developed or the degree of water molecules 
organization is increased. '" '*' The evidence for the same fact was 
derived by Tait et al. from both spectroscopy and 
thermodynamics.' The protective action of sugars on proteins can 
be attributed to the fact that sugars may replace a certain number of 
water molecules that are hydrogen-bonded to the structure in a way 
similar to water itself creating a hydrophilic surface. This would 
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result in a solvent system where the already exposed side chains 
attached with non-polar groups in the native protein molecules would 
have a tendency to enter into the interior of protein due to the polar 
environment produced by sugar molecules. Similar groups in the 
interior of the protein would find even more unfavorable environment 
in sugar solutions than in pure water on their exposure. This 
phenomenon would be responsible for higher stability of the protein 
molecules in these solvents and would reduce the extent of 
denaturation of protein molecules induced thermally. 
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